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PREFACE 


's volume first appeared in 1904 as a translation of the Kurzes 
^^ich der analytischen Chemie written by an American who was 
feoag in Zhrich. F. P. Treadwell was born in New Hampshire in 
lS5^^ompIeted his education in Germany, and then, after working 
nnd^unsen and Victor Meyer, was made professor of analytical chem- 
istry Zurich, where he remained until his death in 1918. 

Ase title of the book indicates, it was intended primarily for stu- 
dents d was meant to be brief and concise. After the first edition, the 
book ^ revised from time to time without paying attention to the new 
editioiof the German text. The basis for tbc introduction of new 
methot^nd the discarding of old ones was the needs of students at the 
Massacsetts Institute of Technology, where numerous tests of the 
mcthod:avo been made. 

The Lrature of analytical chemistry has increased greatly during 
recent ycg, and at present more than one thousand papers are reviewed 
annually Chemical Abstracts. Instruments such as the microscope, 
spectroscc^j polariscopc, rcfractomcter, potentiometer, colorimeter, 
ncphelomer, and polarograph have come into common use, cspecialty 
in the bus.laboratories of largo industrial plants. In clinical labora- 
tories, too,vdvances in chemical technique have made it possible to 
determine ^^y small quantities of important elements in a few drops of 
a body fluid No one man can hope to be expert in all the fields of chem- 
ical cndcavo and no short tcxtbook'can cover all the ground. 

In this rcision, the entire text has been examined critically and, 
though manjehanges have been made, the size of the book remains the 
same. It is dll an inexpensive textbook wluch is meant to be useful to 
students of climistr>’ and to 8cr\’c those who desire precise information 
concerning wc-known analytical methods. 

The book ha been divided into chapters, and the methods of gravi- 
metric nnalysisiavc been rearranged to correspond to the order in which 
tiic elements an detected in the usual scheme of qualitative analysis. 
A similar chanp was made in the ninth edition of Volume I. 

The thcoo’ (f fptalitativc analysis applies to quantitative methods, 
and for tliis rcaHjn much of the pertinent thcorj’ is discussed in Volume I 
altliougli some A it is repeated because many readers will not own the 
companion vohme. 
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PREFACE 


The work of revision has covered a period of more than a year. '1 
manuscript originally submitted to the publisher was so long thal 
seemed best to go over it again and by deletions and condensations br 
the book back to the size of the eighth edition. As much old mate: 
has been dropped, not without some misgivings, as new material j 
been introduced. Thus the introduction of a new procedure develoJ 
at the National Bureau of Standards for the determination of six mf 
of the platinum group meant the rejection of the classic proceduyf 
Deville and Stas, which was certainly of historical interest. / 
Although care has been taken in preparing the manuscript a^^ 
reading the proof, doubtless some errors will be found. The 
would welcome criticism from readers with respect to errata or to 
in the procedure which could be explained better or changed 
interest of accuracy. The numerical values have been check/^^^ 
should correspond to the 1941 table of atomic weights. / 

William 

February, 194S I 
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PARTI, GRAVIMETRIC ANALYSIS 

CHAPTEE I 

GENERAL CONSIDERATIONS 

The purpose of a quantitative analysis is to determine the relative 
quantity of one or more constituents of a compound or of a mixture. 
The methods to be employed depend somewhat upon the nature of the 
substances analyzed so that, as a rule, a qualitative analysis should pre- 
cede the quantitative one, or, at least, there should be some knowledge 
of what elements are likely to be present. The chemical reactions used 
in quantitative analysis arc, for the most part, reactions which are used 
or can be used as qualitative tests, and the chemical principles involved 
are the same. In quantitative analysis, however, it is necessary to 
measure accurately the quantity of sample taken and either the quan- 
tity of reagent required to cause a definite reaction to take place or the 
quantity of one of the products formed by the reaction. Quantitative 
analysis, therefore, differs from qualitative analysis with respect to the 
necessity of making careful measurements of materials. Since all chemi- 
cal research is based upon quantitative analysis, it is clear that the 
ability to make accurate analyses is one of the most important assets 
of the chemist irrespective of the field in which he may choose to work 
eventually. 

The most important tool of the chemist is the balance by which weigh- 
ings are madc.^ The balance used by the chemist combines the physical 
principles of the lever and the pendulum (Fig. 1.)* The beam, from 
which the scale -pans arc suspended, represents a horizontal lever with 
two arms of equal length. To be serviceable, a balance must be accurate 
and sensitive. It fulfills the first condition if (1) the arms are actually of 
equal length, (2) the point of support (the fulcrum about which the beam 
rotates) lies above the center of gravity, and (3) the fulcrum (center 

> Strictly speaking, the balance dctcrnuiies masses and not weights. The unit 
of ma« is the gram and the unit of veight is the dyne in the absolute system. The 
mass in grams, multiplied by the acceleration of a, falling body due to gravity, gives 
the weight in dynes. At any given place, therefore, the weights arc proportional 
to tile masses, so that it is common practice to neglect the value of gravity and 
speak of a t^ght of so many grams. Tlie masses determined by the chemical 
balance are independent of the value of gravity wiiereas a spring balance may not 
show the same weights for the same masses at different places on the earth’s surface. 

* Reproduced, by permission, from Catalog 8 of Christian Becker, Inc. 
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knife-edge) and the knife-edges from which the pans are suspended lie 
in the same plane and are parallel to one another. 

The beam of the balance is provided with a long pointer which swings 
over a fixed scale near the base of the balance case. A small adjustable 
nut on the pointer, sometime above and sometimes below the beam, 
serves to raise or lower the center of gravity, of the moving parts and 
thus change the sensitiveness. At one end of the beam, and in some 
balances at both ends, is found an adjusting screw which serves to 
make the effective weights of the anas equal. 

Rider Rod Carrier.. ^Rider HooR 

Center Knife Edge ^ .^Beam 


Rider Hook 

Stirrup— 

Beam Arrest- 
Adjustable Nut< 


Pafu.^. 


Push Button 
for Pan Arrest 
and 

Automatic Stop 


Leveling — 

Screw 

Fia. 1. 

At the middle of the beam, on the under side, is a knife-edge which is 
usually made of polished agate. When the balance is in use, this knife- 
edge rests upon a plate of polished agate so that the beam can swing 
vith vety little friction. At the ends of the beam are other knife-edges 
rom which the balance pans are suspended. When not in use, the 
earn should be raised so that the knife-edges are not in contact mth 
cir eatings. This is effected by means of a frame operated by a 
key at the front of the balance case. By turning the milled head clock- 
wise, e earn is raised. With an equal load in each pan, and the beam 
resting on the kmfsMidge, the pointer should swing an equal number of 



Key to lift 
Eccentric 
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divisions both sides of the zero of the scale when the beam is in motion 
and should finally come to rest at the zero mark. If a small weight is 
added to either pan the beam and the pointer will swing through an 
angle and take up a new position of jequilibrium. This new position 
will be the result of the moments of three effective forces — the weight 
of the beam and the weights in each pan. 

The angle a which the pointer at its new resting place makes with its 
original position is determined by the exc^ weight, p, the length of 
the balance arm, I, the weight of the beam, q, and the distance, d, 
between the center of gravity and the point of support of the beam. 
Expressed mathematically, 

P‘l 

tan a — : 

q^d 

The sensitiveness, or sensibility, is measured by the angle a when p 
has a definite weight, usually 1 mg. Since the tangent of a small angle 
is practically the same as the angle, and the tangents of the angles that 
the pointer makes arc directly proportional to the number of divisions 
between the two points of rest on the scales, it is customary to regard 
the sensitiveness or sensibility as the number of scale divisions that the 
zero point is displaced by an excess weight of 1 mg. 

It folIo^\•s, then, that the sensitiveness of a balance is directly pro- 
portional to the length of the balance arms and inversely proportional 
to the weight of the beam and to the distance of the center of gravity 
below the point of support. It is clear also that the observed deflection 
is proportional to the length of the pointer. 

The conditions for maximum sensitiveness are more or less conflict- 
ing. Thus long arras arc incompatible \nth minimum weight. The 
length of arms is also limited by the fact that, the longer the arms arc, 
the greater the time required for one complete swing of the pointer. 
The weight of the beam aUo affects the time of swing in the same man- 
ner. On the other hand it is important that the beam should be rigid. 

Long arm balances, although sensitive, possess the disadvantage of 
a long time of s^\^ng which renders weighing a tedious process. For 
moderate loads, short arm balances with light beams of aluminum alloy 
are sensitive and fast. 

It is possible to dccrca'^e tlie lime of swing by lowering the center of 
gravity, but this makes the balance less sensitive. For onlinarj* work, 
it is well to mlju'st the sensitiveness so that 1 mg excess weight will dis- 
jilacc the zero jKiint alxiut five scale divisions with light loads. The 
center of gravity must always be below* the knife-edge or the balance 
''ill Iw in neutral or unstable equilibrium. 


4 GENERAL CONSIDERATIONS 

Precautions in the Use of a Balance 

1. The balance should rest upon a firm support which is practically 
free from mechanical vibration. Direct sunlight should not fall upon 
the balance as it will cause irregularities and errors in weighing. 

2. When not in use the balance beam should always be raised off the 
knife-edges as othenrise these arc likely to be injured by jarring. 

3. The beam should always be low'crcd slowly and carefully. 

4. The beam should never rest upon the knife-edge while weights or 
substances are being added to or removed from the pans. 

5. The beam may be set suinging by dropping the rider upon the 
beam or removing it for a moment. It may also be set in. motion by 
fanning one pan gently with a motion of the hand, but in no case should 
motion be started by touching the pan or by suddenly low’ering the 
beam upon Us knife-edge. 

6. All weighings should be made methodically, with the w'eights tried 
one after another in their proper order. 

7. Before making a w'eight, the adjustment should always be tested. 
The balance is properly adjusted (a) when it is level, (6) w'hen the 
pointer rests at the zero mark with the beam raised, (c) the pointer 
swings equal distances on either side of the zero w’hen the beam is set 
in motion with no load in the pans.* If the balance has pan arrests 
which work independently of the mechanism that lowers the beam, 
these arrests should be adjusted so that tho pointer is at tlie zero mark 
when the beam is on its knife-edge and the pan arrests are in place. 

8. Final adjustment with the rider and all observations regarding 
the swing of the pointer should be made with the balance case closed 
to prevent errors arising from air cturents. When the balance is left, 
the case should always bo closed. 

9. The weight of a substance should be recorded, first, by adding up 
the W'eights missing from the box (in which every w’eight should always 
have its owm place), and second, by adding up tho weights that are on 
the pan. After the final weight has been made, it is convenient to 
make this second addition when the weights are being returned to the 
box. By always checking the weights as a matter of habit, serious 
errors are often avoided. 

10. Substances to bo analyzed should never be placed directly upon 
the balance pan but on a W'atch glass or in a tube. The object should 
not be warmer or colder than the air in the balance case. Air currents 


i * Some workers prefer to adjust tbe balance so that the pointer rests three or four 
\ divisions to the right with no load in either pan. Cf. Brinton. J. Am. Chem. Soc., 
\ 41. 1151 ( 1919 ). 
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from a hot body make it weigh too little, and condensation of moisture 
on a cold body makes it appear too heavy. 

11. Care should be taken not to overload the balance. 

A separate set of weights should be provided with each balance. In 
analyzing a given material, the cheimst is required to determine the 
weight ratios of the various constituents. He reports the percentage of 
iron present rather than the weight. It is important, therefore, that 
the weights in any set should stand in the proper relation to one another 
and relatively unimportant whether the 10-g corresponds exactly to the 
10-g weight in some other set. In analyzing ores for precious metals, 
it is customary to weigh out a large sample on a “ pulp balance ” 
which need not be sensitive to 1 mg. The analysis is finished by weigh- 
ing a very small fragment of metal on a “ button balance '* sensitive to 
Moo nig. Ordinarily, however, all the weighings used in any chemical 
analysis should be made with the same balance and the same set of 
weights. If a weight is lost or misplaced, a new weight should always 
be tested to see if it bears the proper relation to the other pieces in the 
set. 

Sets of weights used in chemical analysis usually contain a 50-g 
weight and sometimes a 100-g weight. Sometimes the smallest weight 
is 1 mg, but a set need not contain any weight smaller than 5 mg. The 
numbers on the weights indicate grams when the value is 1 g or over 
and milligrams if the weight is a fraction of a gram. 

Weights smaller than 10 mg are usually obtained by the use of a 
“ rider ” or small piece of aluminum wire which may be shifted to 
various positions on the beam of the balance. The manner in which 
the beam is divided varies with different makes of balances. When 
the rider is placed directly over the knife-edge that supports the right 
pan, it indicates its true weight; and when it is placed at a fraction of 
the distance between middle and outer knife-edges, it indicates that 
fraction of its true weight. Riders as a rule weigh 5, 0, 10, or 12 mg. 
Balances which are made so that the rider can be placed directly over 
the pan suspension usually take a 10-mg rider or a 5-mg rider. Bal- 
ances which are made with the top of the beam rounded off at the ends 
usually take a 12- or G-mg rider. The larger divisions on the beam 
graduations are always 1 mg apart when the proper rider is used. The 
smaller subdivisions are either tenths or fifths of a milligram. 

The chainomatic balance does not require a separate rider. One end 
of a small gold chain is fastened to the balance beam and the other end 
to a hook which can be moved up and down a vertical scale. This hook 
is operated by a milled head outside the balance case on the right. 
RIovement of the hook changes the weight of chain that is supported by 
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the beam so that the positions on the scale correspond to milligrams. 
This may be adjusted while the balance is in motion. 

The magnetically damped balance is useful for rapid and accurate 
weighings. It is equipped "with an aluminum vane suspended from 
the beam and htmg between the poles of a fixed magnet. As the beam 
swings, induced currents are set up and a magnetic field produced which 
opposes the motion of the swing so that the beam is quickly brought to 
rest. 

In air-damped balances, large hollow cylinders, closed at the bottom, 
are fixed just below each stirrup which holds the pans. Inside these 
cylinders are smaller cylinders suspended from the stirrups. As the 
balance moves, the smaller cylinders move, and the displacement of the 
air causes the damping. 


Methods of Weighing 


It is important to keep the pans, beam, bearings, and all parts of the 
case clean and free from dust and chemicals. Before starting to weigh, 
see that the balance is properly adjusted, and determine the ztro point 
and the sensibility or sensitiveness. If necessary, turn the leveling 
screws at the base of the case until the spirit level back of the pillar shows 
the correct position. Note also whether the knife-edges are in the 
proper positions with respect to the bearings and whether the pointer 
rests at the zero point of the scale. Lower the beam rest, by slowly turn- 
ing the knurled knob at the bottom of the case in an anti-clockwise 
direction, 1 and see that the pointer is still at the zero point when the 
pans are resting on the pan rests, making the proper adjustments, if 
necessary. Then with the balance case closed, release the pan rests and 
see that the pointer is quiet or moves back and forth to equal distances 
on both sides of the zero mark. If necessary, move the adjustment 
screw on the end of the beam, but it is better to allow for a slight zero 
error, when it is not more than one scale division, than to make frequent 
adjustments. 


• pointer swings as a pendulum and, owing to air resistance, is sub- 
ject to a damping, or shortening of the swing, and unless the eye is 
e^ctly in alignment, there is a paraUax error in reading the position of 
■ escae. The halfway point is best determined by tak- 

ing the halfway pomt of two or more complete swings. A complete 
smng of a pendu him involves a return to the starting place, and the 
measurem ents ^vall represent complete swings if the final reading is 


bcam'shoutTSwa-J^ the balance pan or taking anything off, the balance 

beam Should always be supported and not resting on the central knifeidge. 
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taken on the same side\as the initial reading so that there will be one 
more reading on one side'jthan the other (see Weighing by Swings). If 
the center knife-edge is sharp so that there is little friction to overcome 
save that of the air, the damping will be slight, and negligible if the 
swing is made short; therefore for ordinary work it is sufficient to take 
the halfway point of a halfswing, with each turning point less than 
five scale divisions from the zero mark. With these short swings, more- 
over, there is less danger of parallax errors than with long savings. 

After taking the zero reading, the next thing is to determine the 
sensibility or number of scale divisions that the zero point is displaced by a 
load of 1 mg. The sensibility varies with the load,^ but it is well to 
know how sensitive the balance is at the start because this knowledge 
will help the operator to make rapid weighings. 

Rapid Method. For ordinary work, it is convenient to adjust the 
center of gravity by means of the adjusting nut on the pointer, so that 
a load of 1 mg will make the pointer have an initial swing of at least five 
scale divisions to the left when the pan rests are carefully released. In 
weighing, note the initial swing when the rider indicates 'within 0.5 mg of 
the correct weight. Then change the position of the rider so that the ini- 
tial swng is a little to the other side of the zero line, and note the new 
Bwng; from these two readings estimate where the rider should be to give 
no saving. This metliod of making two trials on both sides of the true 
weight is more rapid and more accurate than attempting to place the 
rider where the swings will be exactly the same as in making the zero 
reading. For very precise w'ork, however, weights should be made by 
the method of swings, and corrections should be made for balance-arm 
error and for buoyancy due to air. The weights should be carefully 
calibrated. 

Single Deflection Method. Adjust the balance so that the pointer 
swings three or four divisions to the right when the pan support is 
released and rests on this side of the zero reading on the scale. In 
weigliing, add weights until this same deflection is obtained on releasing 
the pan supiwrt. This method of weighing is rapid but is inapplicable 
to a balance which has a single release operating both beam and pan 
supports,* 

> Tins is because the center of sravity changes with the load. How this changes, 
depends upon whether the three bearings lie in the same plane or not. As a rule,’ 
the Fcnsbility w lowered by increasing the load in the balance pans, partly because 
the Iwam l>ccomes slightly distorted and the center of gravity is lowered, but if the 
three bearings are exactly in the same pLanc, and the beam U absolutely rigid the 
center of gravity will rise, but never reach the level of the middle knife-edgi. so 
tliat incrrasing the load will then increase the sensibility. 

* Brinton, J. Am. Chem. Soc., 41, 1151 (1919). 
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Ordinarily, the weight of 1 ml of air at room temperature is assumed 
to be 1.2 mg,^ and the density of brass weights is assumed to be 8.4. 

If di denotes the density of the object weighed, dj the density of the 
weights, p the weight of 1 ml of air, po the weight in vacuo, and p the 
weight in air, the weight in vacuo can be found by the f ollowng formula : 

,/Ptt P\ 

If the density of air is assumed to be 0.0012, which is accurate to only 
two significant figures, and the density of the substance is given to only 
two significant figures, not more than three significant figures should be 
used in the value of po and p in the parenthesis. In the parenthesis, 
therefore, po can be replaced by p, and we have 

The use of the above formula can be illustrated by a simple example. If a plati- 
num crucible weighs 15.6954 g in the air with brass weights, what would the crucible 
weigh in a vacuum? In this case, p ■» 15.6954, dz =» 8.4, and di 21.4. Substitut- 
ing these values in the formula we have 

y. = 15,6954 + - ^^0,0012 - 15.6954 + (0.734 - 1.87)0.0012 - 15,6940 

It would be a waste of time to try to get the value of the parenthesis with greater 
accuracy unless the density of the materials is known with greater precision than is 
assumed here. Note, however, that the value of p is usually given in milligrams 
but is used here in grams. 

It may be asked at this point why so much emphasis has been placed upon 
trass weights and why it is assumed that the weights are of brass even although 
they may be gold-plated or made of platinum. If a set of weights is sent to the 
Bureau of Standards for calibration and is to be used for very precise work, the 
Bureau will furnish a certificate which will have two scries of corrections One 
series will refer to the apparent mass as found by comparison with brass standards 
in air. The other series will make full allowance for the buoyant effect of the air 
and will refer to the true mass of each weight. Since the chemist does his weighing 
in the air he is interested only in the first set of corrections. With these corrections, 
the weight obtained in the air is that which would be obtained if the weights were 
of brass. 


* The actual weight in milligrams of 1 ml of mr varies with the temperature and 
pressure as the following table shows. 


16* 20* 22* 24* 26" 28" 

730mm 117 115 1.14 113 1,12 i.n 

750n«n 120 1.18 1.17 1.16 1.15 1.14 

770 mm 1 23 1.21 1 20 1.19 1.19 1.18 
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(cf. p. 5), start with the 10-mg piece. I^t us assume that the balance 
used is a short-arm Becker balance which takes a 6-mg rider and that 
the beam reads to about 5.5 on the scale. 

Place the 5-mg piece whose value is to be tested on the left balance 
pan and another weight of the same denomination (borrow'ed from 
another set) on the right pan. By the method of swings (see p. 8), if 
an undamped balance is used, determine the rest point, n, when the 
balance is in equilibrium. Now transpose the two weights and deter- 
mine the rest point wuth the weight to be tested on the right balance 
pan. It is convenient, wth a balance in which the beam is graduated 
only on the right balance arm, to place a small permanent load (a piece 
of paper or of fine aluminum vdre) on the left pan so that all the readings 
are near the middle of the balance arm. For the calibration assume 
temporarily that the boirowed weight is correct. In determining the 
values of ri and rj, carry out the calculations to the nearest 0.05 of a 
scale division. The sensitivity of the balance should be at least three 
scale divisions (on the pointer scale) per milligram, and preferably 1 mg 
=s about 5 divisions. From the values ri and tz the weight of the 5-mg 
piece tested is 



where 5 « sensitivity of the balance (see p. 3). 

Now take one of the 10-mg pieces, place it on the left balance pan, 
and weigh it against the two 5-mg pieces. Determine the values of n 
and Ts exactly as before. Abvays start with the pieces already tested 
on the right pan and the new weight on the left pan; unless the work is 
done methodically there is danger in getting the sign of the correction 
wrong. In fact, the commonest error in carrj’ing out a calibration for 
the first time is to get this sign wrong. One must constantly bear in 
mind that the piece should have a negative correction if it is too light 
and a positive correction if it is too heavy. When the piece is too light, 
Ti will be smaller than rj. 

Continue testing each weight in the set as follows; 

X0‘ mg against 10 

10" “ 10 

20 mg “ 10 -b lo- 
rn ** 20 

50 mg “ 10 -b 10* -b 10" -b 20 or against 20 -f 20* -b 10 

0.1 g “ 0.05 -b 0.02 -b 0.02* -b 0.01 

O.Vg » 0.1 g 

0.2 g ” 0.1 -b O.r g; etc. 
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Finally, when every piece in the set has been tested, arrange the data 
as sho^vn in the table on p. 15. Under the heading Tfi is given the 
denomination of the weight which is first placed in the left balance pan. 
Under TTa is given the temporary value of the weight or weights against 

Tz — Ti 

which the new piece is tested. The values under n, ra, S, and — 

are obtained as described on p. 14. The values given under Ws represent 
the temporary calibration values, which are based on the assumption 
that one of the smallest weights is correct, and those under Wa are 
based on the assumption that one of the 10-g weights is correct. When 
this last assumption is made, it is easier to apply the corrections, as 
■will be e'vident by comparing the final corrections with the values 
under TFa. 

The calibration of weights is often done by weighing by substitution; 
another set of weights can be used conveniently as tares. Such weigh- 
ing hy suhstitution (p. lO) is a little easier to explain, but the corrections 
are more precise in the method of double weighing (weighing hy frons- 
position). Instead of assuming that one of the 10-g pieces is correct, 
some prefer to make a comparison with a standard weight, certified by 
the Bureau of Standards, but this is unnecessary. 

Prepare a card from the individual corrections to show the corrections 
which should be applied to the usual combinations from 0.01 to 1.00 g 
and from 1 g upward, and keep this curd in the balance case. In an 
ordinary gra\dmetric analysis, record the weights as follows: 



Observed 

Corrected 

Corrected 


Weight 

Miujgrau 

WEiaar 

Weight crucible + substance. , . . 

. . . . 19 3105 

f+0.S9\ 
1-0 01/ 

19.3109 

Weight crucible alone 

.... 16.9916 

f+ .001 
1+ .ooj 

16 9917 

Weight of substance 



2.3192 


The upper correction is that of the weights of 1 g and over; the lower 
is that of the fractional weights. 

When weights are tested at the National Bureau of Standards, each 
weight is called satisfactory if the error is not greater than a certain 
value which is called the tolerance. The following table shows the 
tolerance of Class S -weights -which are suitable for use in analytical 
chemistry and the precision to which the corrections are determined. 

For practical purposes it is advisable to use weights of which the 
errors arc not greater than the tolerances sho^vm in this table on page 17. 
Then, no serious error is intnnluced in an analysis by using the un- 
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corrected values. Few of our procedures have greater accuracy than 1 
part in 1,000 and the values specified in the table are all more accurate 
than this except for the two smallest weights. The most satisfactory 
plan, therefore, is to make the weights correspond to the standard set 
by the table below. If a weight k a little too large, owing to corro- 
sion, it can be burnished with fine emery cloth or with metal polish. 


PRECISION OF CORRECTION AND TOLERANCES OF WEIGHTS 
SUITABLE FOR QUANTITATIVE CHEMICAL ANALYSIS 


Denomination 

precision 

Tolerance 

Denomination 

Precision 

Tolerance 

100 g 

0 5 mg 

0 5 rag 

600 mg 

0 01 mg 

0.05 mg 

50 

0 1 

0 3 

200 

0 01 

0.05 

20 

0 1 

0 2 

100 

0 01 

0 05 

10 

0 05 

0.16 

50 

0 01 

0 03 

2 

0 05 

0 10 

10 

0.01 

0.01 

1 

0 05 

0 10 

5 

0 01 

0 01 


A burnished weight should stand at least 10 minutes before a final test 
is made. If the weight is too small it should be rejected, unless it is a 
brass weight with a removable top, when a suitable piece of aluminum 
wire can be placed inside the piece. The use of lead for this purpose 
is unsatisfactory because lead corrodes too much. 

For testing weights to see whether they conform to the above stand- 
ards, a balance sensitive to 0.05 mg and one set of calibrated weights is 
necessary. The calibration of weights is too tedious and involves too 
many calculations to make it a satisfactory experiment for beginners. 
Moreover, when a beginner calibrates a set of weights he is likely to 
make errors either in his computations or in applying the corrections. 
Often he will make a negative correction when it should be positive. 
Every set of weights should be tested at least once a year. 

Weighing Samples of Factor Weights. In a busy laboratory it is 
often desirable to weigh out samples in such a way that the results of 
the analyses are known with as little computation as possible. Thus 
if the iron content of a sample weighing 0.6994 g is determined by weigh- 
ing ferric oxide, Fe 203 , the percentile of iron, Fe, is exactly 100 times 
the weight of the oxide. If 1 ml of standard hydrochloric acid will 
neutralize 0.028 g of pure sodium carbonate, then the percentage 
purity of a sample of sodium carbonate, containing no other substance 
of basic nature, will be just twice the number of milliliters of acid 
used in the analysis of samples weighing 1.4 g. In every technical 
laboratory, therefore, the cheimst has to learn to weigh out rapidly 
samples of specified weights. If the sample is a dry powder, unaffected 
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by contact with the air, it can be weighed out on a watch glass. It is 
convenient to have a pair of counterpoised watch glasses for this pur- 
pose, i.e., a pair of watch glasses which weigh so nearly alike that they 
can be balanced with the aid of the rider. Metal pans weighing almost 
exactly 10.000 g can now be purchased and are convenient to use instead 
of watch glasses. 

Place on the left balance pan the watch glass which is to hold the 
substance, and on the right pan place the tare of the watch glass and 
additional weights amounting to the desired quantity. With the aid 
of a small spatula, or a palette knife, transfer some of the powder to 
the watch glass in the left pan, until the pointer swings to the right 
with the beam lowered slightly so that the pointer can swing but a little 
way. Raise the beam, remove a little of the powder, and, with the 
beam again lowered a little, add more powder by tapping the spatula. 
By repeating this process once or twice and finally testing with the 
balance beam altogether lowered, it is possible to get any desired weight 
vdthin 0.1 or 0.2 rag. In chemical work it is a waste of time to try to 
'make the original weight much more accurate than the rest of the 
analysis. Thus, in determining the carbon content of a sample of steel 
wth approximately 1 per cent of carbon present, the results of duplicate 
analyses wth equal weight samples would be considered satisfactory 
if they indicated 1.00 and 1.01 per cent of carbon. In other words, 
errors arising from lack of homogeneity and inaccuracies in the method 
of analysis may easily amount to Koo of the total carbon content. An 
error of 0.01 g in the weight of a gram sample of the steel would be no 
greater than the allowable error of the analysis. In weighing out the 
sample, therefore, if the weight is accurate to the nearest centigram the 
error is less than that of the remainder of the work. On the other 
hand, in determining the chlorine content of a sample of salt weighing 
about 0.25 g it is important to get the weight to the nearest tenth of a 
milligram because the chlorine determination can be accomplished 
■with an accuracy of 1 part in 1,000 with samples of this size. 

Reliability of a Result. In order that the result of any measurement 
may be of scientific or technical value, it is desirable to have some 
numerical estimate or measure of its validity. By the accuracy of a 
result should be understood the degree of concordance between it and 
the true value of the quantity measured. The true value is not usu- 
ally known, so that it is not always possible to obtain a numerical meas- 
ure of the absolute accuracy of a measurement or analysis. By the 
precision or precision measure of a result is understood the best numerical 
measure of its reliability after all known sources of error have been 
eliminated or allowed for. 
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When any quantity is measured to the full precision of which the 
instrument or method is capable, it will usually be found that the 
results of repeated measurements do not agree exactly. Thus in the 
analysis of pure salt, the chlorine content will not always be found to 
be exactly 60.66 per cent although we may have reason to believe that 
this is the correct value. 

All that we can hope to obtain from experimental data is the most 
probable value of the quantity or quantities in question. The mathe- 
matical theory which treats of the general problem of the adjustment 
of errors of observation so that their effect upon the final result is reduced 
to a minimum is called the method of least squares. According to the 
theory, the most probable values of a series of related observations are 
those for which the sum of the squares of the errors is a minimum. 
This is not the place to go into the details of the mathematical proofs of 
the method of least squares, but it is important that every chemist 
should keep constantly in mind certain deductions that have been made 
from such studies. 

In a series of observations, all of which possess an equal degree of prob- 
ability, the most probable value of the quantity is the arithmetical mean. 
Since the true value of the quantity is not usually known, the error of 
each determination and of the mean cannot be determined. It is 
possible, however, to state how far each observation differs from the 
mean value, and from these differences the probable deviation of the 
mean can be estimated. The average deviation of the mean, usually 
designated as ad, is determined by dividing the sum of the deviations 
from the mean by the number of determinations made. The ad may 
be regarded as a numerical measure of the amount by which a new 
observation is likely to differ from the mean value, m. 

Since the mean has a higher.d^ree of probability than any single 
observation, it should have a smaller deviation from the truth. It 
can be sho\vn that an arithmetical mean computed from n equally 
reliable observations is Vn times as reliable as any one observation. 
The probable deviation of the mean is usually denoted as AD. Ac- 
cording to the statement just made, 



A little study of this expression shows that it does not pay to increase 
the number of observations beyond a certain limit as the time and labor 
involved soon become excessive. 

It is probable that more than half the time spent on chemical and 
physical computations is wasted by the retention of more figures than 
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the precision of the data warrants. The habit should be acquired of 
rejecting at each stage of the work all figures which have no influence 
on the final result. In the following rules for computation the term 
digit denotes any one of the ten numemls including the zero, and the 
term significant figure is any digit which denotes or signifies the amount 
of the quantity in the place in which it stands. Thus a zero may or 
may not be a significant figure. When it is used merely to locate the 
decimal point as in the values 1000 and 0.001, the zero is not a sig- 
nificant figure, for the position of the decimal point is determined solely 
by the unit in which the quantity is expr^sed. There are two significant 
figures in the value 2.5 mg even when it is written 0.0025 g. The num- 
ber of decimal places in a result has in itself no significance in indicating 
the precision of a measurement. The statement that the results of an 
analysis agree vdthin 1.2 mg gives no idea of the precision unless the 
entire value is kno\vn. A fractional or percentage precision measure, 
on the other hand, gives a definite idea of the precision of the measure- 
ment as it involves both the value of the quantity and its average 
deviation. 


Rules for Computations 

Rule I. In rejecting superfluous figui^, increase by 1 the last figure 
retained if the following figure (that been rejected) was 5 or over. 

Rule II. In all deviation and precision measures retain two, and 
only two, significant figures. 

Rule III. Retain as many figures in a mean result, and in data, as 
correspond to the second place of significant figures in the deviation or 
precision measure. According to this rule, two places of unreliable 
figures are retained in data so that accumulated errors due to rejections 
in the course of computation will not affect the first place of uncertain 
figures. Or, looked at from another point of view, the last figure may 
be regarded as quite unreliable but the next to the last significant figure 
should not vary by more than one or at the most two units from the 
mean. 

Rule IV. The sum or difference of two or more quantities cannot 
be more precise than the quantity having the largest deviation. In 
adding or subtracting quantities, find the ad of each and retain in 
each quantity as many places as corr^pond to the second place of sig- 
nificant figures in the quantity with the largest deviation. 

Rule V. In multiplication or division, the percentage precision of 
the product or quotient cannot be greater than the percentage pre- 
cision of the least precise factor entering into the computation. Hence, 
determine the percentage precision of the least reliable factor. If this 
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is about 10 per cent or better, use three significant figures in each factor 
of the computation and in the final result. If 1 per cent or better, use 
four significant figures in each factor of the computation and in the 
final result. If 0.1 per cent or better, retain five significant figures. 

For computations involving a precision not greater than about 0.25 
per cent use a 10-inch slide rule. 

Rule VI. In carrying out the operations of multiplication and 
division by logarithms, retain as many places in the mantissa of the 
logarithm of each factor as are properly retained in the factors them- 
selves under Rule V. 

In ordinary chemical work the percentage precision of the result is 
often less than 0.1 per cent. Thus, in the determination of the chlorine 
content of a sample of pure salt weighing about 0.2 g, check values of 
60,60 and 60.72 per cent chlorine would usually be considered satis- 
factory. This corresponds to a percentage precision of 0.12 part in 
61.0, or 0.2 per cent. According to the above rules, only /our figures 
should be retained in all factors entering into this computation, and 
four-place logarithms should bo used. In the computation, the molecu- 
lar weight of silver chloride should be taken as 143.3 instead of 143.34. 
If, on the other hand, a series of determinations all gave values ranging 
between 60.63 and 60.69 per cent chlorine, one would be justified in 
keeping five significant figures and using five-place logarithms. This 
would not necessarily mean that the original w'eight of the salt and the 
final weight of the precipitate would have to be carried out to five sig- 
nificant figures, because an error of 0.0002 g in about 0.2 g of salt would 
correspond to only 0.1 per cent of the entire weight. One would be 
justified, however, in recording the weights to five decimal places, using 
the method of swngs. 

For most chemical work, four significant figures arc sufficient. In 
some cases, as in the determination of sulfur in steel, or in the conversion 
of small volumes of a solution (less than 1 ml) into an equivalent vol- 
ume of some other solution, only two significant figures should be used. 

Filtration and Washing of Precipitates 

How large should the filter be, and how many times should the pre- 
cipitate bo wa.‘?hcd? 

With regard to the second question it is evident that the precipitate 
should be washed until the soluble, non-volatile impurity b completely 
removed. It is clear, however, that thb point irill never bo reached 
because a part of tlic solution always remains on the filter, but it b 
not difficult to make the amount of the dissolved substance remaining 
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SO small as to be negli^ble. "When the amount of soluble impurity 
remaining on the filter is so small that it could not be detected by the 
balance, the precipitate can be considered to be completely washed. 

The aim should be not only to remove the soluble impurity, but also 
to accomplish this with as little wash water as possible. 

No precipitate is absolutely insoluble, so that it is clear that every 
unnecessary excess of wash water causes harm by removing a fraction 
of the precipitate, and the greater the excess of the wash water the 
greater the amount of the precipitate dissolved. 

The amount of wash water to be used depends largely upon the nature 
of the precipitate itself. Amorphous, gelatinous precipitates always 
require more wasHng than crystalline, granular ones. As a rule, it 
may be said that the process of washing must be continued until the 
substance which is being washed out can no longer be detected in the 
last filtrate. If the filtrate must be used for another determination, 
it is obvious that it should not be tested too soon. 

Let us assume the filter to hold 10 ml, the solution to drain to the 
last drop from the paper, the amount of the solution held back by the 
precipitate and filter to be 1 ml and to contain 0.1 g of the solid sub- 
stance which is to be removed by washing. 

The filter is filled to the upper edge with wash water and allowed to 
drain to the last drop n times, until not more than Koo mg of the sub- 
stance to be removed by washing remains. 

According to our assumption, 9 ml drains off and 1 ml remains behind; 
consequently we have: 

Removed by the 
Ist washing, O.l-^fo B 

2d “ OAKo-Ho 6 

3d “ 0.1 -Mo-(Mo)*B 

nth » g nth » 0.1 -Ko-CMo)’^'b 

After n wasWngs, therefore, the amount removed by washing is the 
sum of the decreasing geometric series of which the first term is 
0.1 ‘Ko and the constant factor is Ho- 

If n 4, the sum of the series is 

Z = = 0.09999 g 

no — 1 

After four wasWngs of the predpitate, therefore, 0.09999 g of the 
impurity has been removed. According to the assumption that there 


Thebe remains after the 
1st washing, O.l-lfo B 
2d « 0.1 -Ho-Ko g 

3d 0.1-K„-(Ho)>g 
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was originally 0,1 g of this substance, there romiiins in tlio prccipitnto 
only 0.00001 g, or in other wonls a negligible amount. 

Consequently, the filtrate should bo tcstctl qualitatively for tho sub- 
stance to be removed only after the precipitate haa been washed four 
times. 

Often the washing will be found to have been complete after tho fourth 
washing, but as a rule this will not l>c so, and in many cases it will 
be found necessary to repeat the operation for ten to twenty times. 
In the processes which are described it wli u.suaiiy bo stated liow far 
to carry the washing. 

Now in order to wash a precipitate with tho least possible amount of 
wash water, it is evident that the size of tho filter paper will have an 
effect. The filter shouhl bo made 
as small as possible, irrespective of 
whether there is littlo or much liquid 
to filter. The size of the filler used 
should he regulated entirely by the 
amount of the precipiialo and not at 
all by the amount of the liquid to be 
filtered. The mistake should not bo 
made, however, of using too small a 
filter. The precipitate should never 
reach the upper edge of the paper; 
about 5 mm should remain free, and 
even then the filter should not be so 
completely filled as in Fig. 4a. It is better to have the fdhir f llo 
about as much as is shown in Fig. 4b, where sufficient room 3 - 
for the w'asb water. 

The use of too large filters Is one of the inexcusable anal^dic-u’ - 

Purity of Precipitates. In general, precipitation may lx* . 
take place when the solubility product (fee Vol, 1) jg oxcwl'-’ 
fore, by incrcasdng the concentration of the precipitant, f;' — - 
quantity of other ion, say Cl”, rcqiurcd to furnish a p--., 
diminished and the precipitation is more complete. For ;• „ - 
poses, a reaction is complete or quantitative, as we oft/rt. - • , . 
than 0.1 mg remains in solution. A large excess of _ 

usually does more harm than good. In many cawr'- * - 
more soluble in a large excc«s of reagent. lliu> b>' 
soluble in dilute sulfuric acid but after a certain oo; ^ 

the solubility jncrea.'^es and the precipitate „ 

centrated mlfuric acid. The ■> ' '•ommot 
diminish tfic purity of the ; ^ T- L.. 
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entrap some of the solution, an inclusion error; or some of the soluble 
ions may stick to the surface of the precipitate, occlusion or adsorption. 

Colloidal Solutions 

When a precipitate forms from a dilute solution, ita particles are often very 
small. In estimating the dimensions of small particles, such as molecules, ions, or 
finely divided matter in suspension, it is customary to use three linear units: the 
micron. « lO"* meter = 1Q~> mta — 1 themtllimicron = 10“* mm =» 1 m*x*, and the 
angsiTOm (or AngstronC) = 10“’ mm = 0.1 m** = 1 A. For very small weights the 
unit y (gamma) is used, representing 0 001 mg. Some writers have used the symbol 
fin for the millimicron, but this practice is likely to lead to confusion; it is better 
to reserve the letter “ m ” for one-thousandth and the Greek ^ (mu) for one- 
millionth of a millimeter. 

A very large molecule, such as that of starch, when dissolved in water has particles 
which may be 6 m;i in diameter but the solution shows some of the properties of 
colloids. In general, molecules in aqueous solution axe rarely larger than 1 m^ in 
(fiameter, and the ions, although hydrated, are rarely larger than a few angstroms in 
diameter. If an aqueous solution of an electrol3rte is illuminated by a powerful beam 
of light, there is no scattering of the light rays when the solution is viewed at right 
angles to the direction of the beam; the solutions are optically " empty ’* and show 
nothing when viewed under the ultramicroscope. If particles larger than 100 A 
(» 10 him) are present, they will scatter the light and thus become visible under the 
ultranucroscope by the so-called Tyndall effect. 

A solution may appear clear to the naked eye although the particles have much 
larger than molecular dimensions. Thus, if hydrogen sulfide is passed through a 
solution of arsenic trioxide, the liquid will become orange in color but it will appear 
clear if held up before the eye. Under the ultranucroscope myriads of bright particles 
will be observed in rapid motion, and, if the liquid is placed in a strong beam of light, 
a marked scattering of the light rays will be noticed. With the ultramicroscope, the 
presence of particles larger than 10 mM can be detected. With the ordinary micro- 
scope, the limit is about 0.25 ti- 
ll the particles of a solute (substance dissolved) present in a solvent are smaller 
than 1 m;i we have a true solution; if the particlra have diameters between 1 ran and 
0.1 it is customary to think of the particles as being in coll<ndal solution, and if the 
particles do not settle out but have diameters larger than 0.1 niwe have what is called 
a suspension although it must be empharized that this division is arbitrary and there 
are really no sharp lines between a true solution, a colloidal solution and a suspension. 

The physical properties of a true solution (osmotic pressure, lowering of the freez- 
ing point, raiamg of the boiling point, etc.) are deternuned by the concentration of the 
• solution. A colloidal solution, on the other hand, shows but little depression of the 
freezing point or rise in boiling point as compared with the pure solvent. 

Two types of colloids are formed from aqueous solutions. Some, like silver 
chloride, show little, if any, attraction for water. Before coagulation their colloidal 
solutions are only sfightly viscous, and when flocculated, the particles settle in a state 
easy to filter. Such colloids are called suapensoids or hydrophobic colloids. The 
colloid held in suspenrion is called a ad. Most of the difficultly soluble inorganic 
precipitates will yield sols of the above type. The second type of colloid has a marked 
affinity for u'atcr; in the dispersed state (or sol form) such colloids have high viscosity, 
and when coagulated they settle out in the form of gelatinous solids (gels) which 
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retain large quantities of water in a dispersed condition. This typo of colloid is 
called an emulsoid or hydrophyhc eollotd. Silicic acid and hydrated alumina are 
familiar examples of this type. The distinction between these tn o kinds of colloids 
is not an absolute one. In the dispersed state, both types form sois or hydrosoh if 
the dispersion medium is water. Rrom the hygroscopic gels it is hard to remove all 
the water, even by strong ignition, but the suspensoids form precipitates which are 
easy to dry. 

It was formerly customary to classify solids as cither crystalline or amorphous, 
and when this distinction was made it was thought that true solutions were obtained 
from crystalline substances and coUtndal or pseudo solutions were formed from 
amorphous solids. This distinction does not seem to be fundamental because many 
apparently amorphous substances have been found to consist of extremely small 
crystals and some liquids possess crystalline properties. The size of the particles, 
as stated above, seems to be the more important criterion. Crystalline solids are 
characterized by a definite shape of the individual particles The sides are plane 
surfaces, and the angles they form with one another arc characteristic and always the 
same for a given crystal. When a beam of X-rays is passed through crystalline 
material, there is obtained a diffraction pattern of X-rays scattered at various angles 
from the direction of the beam. From such X-ray studies, it has been shown that the 
essential feature in a crystal is tlie arrangement of the atoms, ions, or molecules in a 
definite pattern which is repeated throughout the crystal, Each positively charged 
• atom is surrounded by a number of negatively charged ones, and conversely for each 
negatively charged particle. These tiny particles, definitely separated from one 
another, form what is called the lattice of the crystal. The spaces between those 
particles sometimes permit other material to be entrapped, 

Flocculation and Peptization. Colloidal solutions arc to be avoided in analytical 
chemistry bccau.sc the colloidal particles are so small that they cannot be removed 
by ordinary filtration. The small particles 'aill remain in a dispersed condition as 
long as their kinetic motion is sufficient to overcome the gravitational attraction 
which tends to cause scditncntation. Tlie dispersed particles can be kept in suspen- 
sion by acquiring an electric charge. Tins is accomplished by the ad.'orptlon of 
anions or cations on the Burfacc of the particles. Tlius metal sulfide fcols adsorb sulfide 
ions, and these arc oltractod ro strongly that they arc fixed on the surface of the 
particles. Whenever such adsorption lakes place, there must be adsorption of some 


between the negative ions on the surface and the positive counter tom {in this C 3 .«c 
hydrogen ions) arc large. A socallcd electrical double layer Ls set up Utween the 
particles and the solution, the existence of wliicli is lespon-'ible for the stability of the 
sol, AH the particles of the Kil Ims-o the same electric cfiargc and cannot, therefore, 
approach one another clo^Iy. If the double layer is destroyed, a.s by the addition 
of a BuiUiblc electrolyte, flocculation results, ILe minimum quantity of cJectroIyt-j 
necessary to fioccul.s(e a given colloid is called the Jloeculah'on ralue, and it variz-j 
wih diflcrcnl cleclrnlytes, Tims, to flocculate negatively charged ar«cnic 
sol, 1000 times as much XILCl is required as AlCI*. “ ' 

tt^cn a conoul.sl palpitate is washed with pure water, some of the Wie 

may l»c remoxTd. and if the conecntralion of " ^’^'“h water is tf.z' 

floccubtion value, the particles of the , , • kely to go b-/.}: to tTe 

conJition Tlii. ,! rallcJ •• V'Z WMi.ios 
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with a suitable electrolyte, preferably one which can be subsequently removed 
by heating. 

Sometimes the atkorptive pQv.et of a precipitate can be used to advantage; for 
example, hydrated stannic oxide will adsorb HjPO* and H1ASO4 and remove them 
completely, provided that sufficient colloid is present. 

Precipitates formed from very dilute or from very concentrated solutions are 
in the form of extremely fine crystals with colloidal properties. Thus unfiltrable 
precipitates of barium sulfate are obtained from solutions which are above 0.75 N in 
concentration or less than 0 001 N. The precipitates are composed of such tiny 
crystals that they appear to be amorphous. 

Aging of Precipitates. Very fine precipitates often become filtrable if allowed 
to stand for some time in contact with the mother liquor. Keeping the solution near 
the boiling point often helps to flocculate a precipitate, and the addition of some 
macerated filter paper pulp is helpful in filtering colloidal material. The crystals that 
first form are likely to be imperfect; on standing they tend to perfect themselves. 
Small particles have a slightly greater solubility than the larger particles; after 
standing the smaller crystals disappear and the others grow larger. Sometimes the 
precipitate that forms first is a metastable modification which, on standing, is changed 
to a more stable and less soluble state. 

Coprecipitation. Precipitates are seldom perfectly pure. They may contain a 
littlo mother liquor or substances which are normally soluble under the prevailing 
conditions Thus, when barium sulfate is formed by adding barium chloride to a 
solution of potassium sulfate, the precipitate contains a little potassium which is 
hard to remove by washing, although potassium sulfate is easily dissolved by water. 
We say that potassium sulfate is coprecipUated. This coprecipitation is often caused 
by adsorption on the surface of the crystal. Adsorption during the growth of a 
crystal is called occlusicn; it is different from inclusion, which occurs when some 
mother liquor is entrapped. Sometimes a solid solution (also called mixed crystals) 
is formed of two substances which have the same crystalline characteristics. Thus 
PbSO* sometimes crystallizes with BaSO* to form a homogeneous mass or “ single 
phase.” 

Postprecipitation. Many precipitates are deposited slowly and the solution remains 
in a state of supersatumtion for a long time. Thus, when calcium oxalate is formed 
in the presence of considerable magnesium ions, the precipitate of CaCjOi-HjO is 
practically pure at fir^t, but when it has stood for some time, gradually some of the 
magnesium is precipitated. Sioularly with sulfides, we find that zinc sulfide, for 
example, is precipitated more readily when a precipitate of Hg8 or GuS is present. 
Since, by the precipitation of CuS orHgS from a solution, the acidity of the solution is 
increased as ^own by the equation 

Cu++ + HtS -♦ CuS + 2H+ 

one might expect that ZnS would form more readily from, say, a solution which is 
0.1 N in HCl, in the absence of copper ions, although the reverse is true. The copre- 
cipitation of the zinc with copper can be explained by the fact that the copper sulfide 
precipitate has strong adsorptive powers toward HjS and, as a result, the concen- 
tration of is greater at the surface of the precipitate than at other parts of the 
solution. 


Equipment and Manipulation 

Paper Filters. Strength, uniform texture, proper porosity, and a low 
ash are the desirable qualities in filter paper for quantitative work. A 
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paper of 7-cm diameter should have an ash of less than 0.05 mg. To 
get this low ash, the paper has been washed with hydrochloric and hydro- 
fluoric acids. This washing makes the paper softer and more porous but 
weakens it so that it is more easily tom. 

The purpose of filtration is to separate a solid from the liquid in which 
it is suspended. The pores of the paper must be smaller than the par- 
ticles of solid which arc to be retained by the filter. Precipitates vary 
with respect to the size of the smallest particles. Some, like crystal- 
line barium sulfate or gelatinous roctastannlc acid, are very finely divided 
and require a fine-grained paper. Such filter paper is a slow filtering 
medium. Consequently chemists are accustomed to use different grades 
of filter paper, some which make rapid filters and others which make 
slow filters but arc required for precipitates that are likely to pass through 
the pores of a rapid filter paper. 

Funnels are supposed to have an angle of exactly 60°, and the simplest 
way to fold a circular cut paper is to crease it across a diameter and then, 
without opening the paper, make a second fold at right angles to the 
first one. To test the funnel, and this should always be done before 
starting to filter, open the filter so that it makes a cone to fit the funnel, 
wet the paper, and sec if it fits tightly against the side walls of the funnel. 
It is important that it should fit tightly along the upper edge, which 
must always be below the rim of the funnel as otherwise the filter can- 
not be washed satisfactorily. Pour water into the funnel, and if the 
filter fits, the stem should fill with liquid. If the stem is too wndo, 
tWs will not always happen. A little grease in the stem of the funnel 
will also interfere. If the filter docs not fit when folded into a C0° cone, 
change the second fold sufficiently to make it fit. 

It is convenient to mark the funnel so that it can always be told how 
much the second fold should be changed to make the filter paper 
fit the funnel. It is also well to mark the funnel so that it can 
be recognized as a rapid or as a slow funnel, for funnels vary greatly 
in this respect. 

The above method of folding a filter paper is the easiest and quickest, 
but often considerable time is saved in the filtration by folding the paper 
so that liquid passes through it more rapidly. The following method 
of folding a filter accomplishes this end, but it is harder to make the 
filter fit tightly to the funnel and there is more danger of having a little 
precipitate get by the filter. 

1. Fold the paper evenly across a diameter of the circle as in the 
above method. 

2. Open up the fold and make another at right angles to it creasing 
the paper on the same side as at first. This is done by merely bringing 
the two points on the circumference of the circle that were met by the 
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first fold over against one another and flattening out the paper again. 

3. Turn the paper over and fold again exactly 22)^° away from one 
of the first two folds. To get this position, bisect one of the quadrants 
formed by the previous two folds, by merely bringing two creases together 
and flattening out the paper so that a little crease is made on the cir- 
cumference, and make another bisection in the same way. At this last 
mark fold across the paper with the crease on the opposite side to that 
made by the original folds. 

4. Open up the paper and make another fold at right angles to the 
third fold. Change half of this last fold to make the paper fit the 
funnel. 



Flo. 5. 


Figure 5 shows three stages in folding a filter by the method just 
described, which has been called ihe quadruplet method because four folds 
are made instead of the usual two.* 

For large funnels a platted or fiuled filter is often desirable. These can 
be purchased already folded, but the quality of the paper is not always 
suitable for quantitative work. Swedish filter paper is satisfactory for 
most purposes when the filter itself is not to be ignited. This can be 
purchased in sheets, and one-quarter sheet is sufficient for a large funnel. 
Since all filter paper retains some of the solution poured through it so 
firmly that it is very difficult to remove the last traces of solute by wash- 
ing, it is never wise to choose a laige funnel simply because considerable 
liquid has to be filtered. To make a plaited filter: 

1. Fold the filter once along a diameter as in the first method. Do 
not open this fold. 

2. Make a second fold along the radius as in the first method. 

3. Open this second fold and make two other folds at right angles 
to each other, dividing the doubled filter into quarters. This is accom- 
plished by taking half of the straight edge of the once-folded filter and 
folding it over to make it coin<ude with the second fold. Take care 
to make all these folds accurately, but do not crease the paper hard at 
the center. 


* Mellon, Methods of QuantUative Analyais. 
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4. With the paper again folded only once, make a fold dividing one 
of the outside segments into halves and make a fold at right angles to 
this by bringing over the other half of the straight edge. 

5. Make two more folds starting with the other outside segment. 

By these seven folds the original circle is divided into sixteen parts of 
equal size, and if the paper is opened, half of the creases will be found 
all on the same side in one half of the paper and all on the other side 
in the other half of the paper. 

6. With the paper again doubled as it was after the first fold, start 
at the outside, fold over into the first crease and then bring back the 
outer edge so that it is in line with the outer edge of the first crease. 
This makes a subdivision of the outside segment and brings the crease 
on the opposite side of the doubled paper. 

Without opening this last fold, go into the next crease and again come 
back continuing until the middle fold is reached. 

Start in the same w’ay at the other side of the doubled paper and plait 
toward the center as from the other side. 

In this way the paper will be divided into thirty-two equal segments. 
If the filter is made from a quarter sheet of Swedish paper, it is not neces- 
sary to cut out a circle at the start. When the plaiting is finished it is 
easy to tear off the ends of the folded paper so that it will fit into the 
funnel, without protruding above the edge, and leave a nearly circular 
edge. 

Plaited filters are used chiefly when it is desired to filter off a largo 
and bulky precipitate and it is not necessary to wash the precipitate 
thoroughly. Plaited filters made from Swedish paper filter rapidly but 
are likely to break at the point of the cone. 

It is rarely advisable to use suction with a paper filter. The suction 
is likely to draw small particles of the precipitate into the pores of the 
paper and then filtration is usually as slow as or slower than it would 
have been without the suction. If suction is used with a paper filter, 
the filter should rest in a filtering cone made of platinum, palau, or a 
hardened parchment filter. 

Stirring Rods. Each student should have six or eight stirring rods 
of suitable lengths. The rod when resting in a beaker should project 
about 3 cm beyond the lip of the beaker. If small tubing is used, both 
ends should be sealed; solid rods should be fire-polished at each end. 
At least one rod should be fitted with a rubber tip (policeman) for remov- 
ing precipitates which adhere to the walls of beakers. The use of the 
stirring rod in filtering a solution is shown in Fig. 6. The way the 
stirring rod is used in transferring a precipitate to a filter by means of 
a jet of water from a wash bottle is shown in Fig. 7. Note in both 
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Pifl. 7. 


illustrations that the end of the funnel stem is close to the side of the 
beaker. The funnel should never be allowed to dip into the filtrate, 

and when it empties into the 
middle of the beaker there is 
more or less spattering. 

Filtering Crucibles. The use 
of a filtering crucible with per- 
forated bottom was first sug- 
gested by F. A. Gooch.* 

A Gooch crucible (Fig. 9) 
has a perforated bottom. The 
crucible is provided with an 
asbestos filter, weighed after 
drying at the prescribed temper- 
ature j then the solution is fil- 
tered, with the aid of suction, 
through the crucible and the 
After washing the precipitate the crucible 
and its contents are dried and weighed. 
The use of this crucible permits rapid and 
accurate work. 

PreparflO'on of As&cstos FiUera 
Cut some long-hbered, soft asbestos, of the aon- 
hydrated variety, into pieces cm lotig, and digest 

^vith concentrated hydrochloric acid upon the water 
bath for an hour. A good sample of asbestos will 
then be separated into very small fibers. Collect 
the mass in a funnel upon a filter plate, and wash 
with water untU free from chloride. Such wa^ed 
asbestos can now be purchased from dealers in 
chemicals. 

For the preparation of a Gooch filter, shake some 
of the material with water in a flask, so that a thin 
suspension is formed. Stretch a piece of thin rub- 
ber tubing (Big. 8) over a funnel, and place the 


Fia. 6. 

precipitate collected in it. 




Fio. 9. 

» Proc. Am. Acad., X3, 342 (1878); Am. Chem. J., 1, 317. 
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Gooch crucible T in the opening. The funnel should be large enough so that the 
crucible is suspended by the rubber without touching the sides of the funnel. 
Pour enough asbestos into the crucible to produce a layer of 1- to 2-mra thickness, 
place a small filter plate (Fig. 9, P), upon this layer, and pour a little more of the 
asbestos suspension into the crucible. Wash the felt with water until no asbestos 
fibers run through, and, in order to see them, pour the liquid into a small beaker. 
Usually such a filter is prepared and used with a gentle suction. 

If the Gooch crucible and the asbestos are heated to the temperature 
at which it is desired to heat the precipitate, cooled in a desiccator, and 
weighed, then the gain in weight after the precipitate has been transferred 
tothecrucible,washed,andheated,representstheweightofthe precipitate. 

Often it is sufficient to heat the product to a temperature of 105°, for 
which purpose an automatically controlled electric oven is very service- 
able. If it is desired to heat the precipitate to a higher temperature, the 
Gooch crucible should be heated inside another crucible or in an air bath so 
that the gas flame does not play directly against the holes in the crucible. 
Electric ovens are also made which permit drying at temperatures up 
to 1000°. 

A very simple air bath can be made by taking a piece of M-inch 
asbestos board, about 4 inches square, and placing a nichrome triangle 
on it with the ends bent down so that when the crucible is placed in the 
triangle it will not touch the asbestos. Then, when a burner is placed 
beneath the asbestos board, the air above the board will be heated and 
the gas flame will not play directly against the bottom of the crucible. 

Siatered-glass filtering crucibles are made of Jena glass and have a 
porous bottom of sintered ground glass fused to the body of the crucible. 

Jena filtering crucibles are obtainable in vanous degrees of fineness. Each bears 
a designation etched on the side. Thus a crucible may bo marked 1G4. The 1 
designates the size and shape of the crucible, the G stands for the kind of glass used 
(Jenaer Gerateglas), and the number 4 gives the grain size of the fritted glass plate. 
Of these grain sizes No. 1 has pores averaging 100-120 ft in diameter. No. 2 has pores 
averaging 40-50 > 1 , No. 3 has pores of 20-30 #», and No. 4 has pores of only 5-10 ^ 
(1 M *= 0 001 mm). No. 3 is suitable for moderately fine precipitates, and No. 4 
filters so slowly that it should be used only for very fine precipitates hke barium 
sulfate. The highest temperature to which such a crucible can be heated safely is 
about 600®, and this temperature can be reached w’lthout harming the crucible only 
when the heating and cooling are very gradual. Sintered Jena glass filtering cruci- 
bles are very resistant to the action of hot water, dilute acids, and strong anunonia 
solutions, but they are acted upon by hot solutions containing caustic alkab. Quartz 
crucibles with sintered bottoms can also be purchased; these can be heated to 1400®. 


more hygroscopic. Thus a dried Gooch crucible gained 5.2 mg in weight on standing 
24 hours m the air while at the same tune a glass filtering crucible gained only 0.3 mg. 
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For many purposes it is preferable to use instead of a crucible a glass 
tube with an asbestos filter. This is particularly desirable when it is 
necessary to heat the precipitate in a gas stream. Filtering tubes can 
be purchased with sintered glass at the bottom. 

These are useful for weighing very small quantities of precipitate in 
microchemical work. 


The so-called Munroe crucible,* in which the filtering medium con- 
sists of a porous felt of spongy platinum, is a modification of the Gooch 
crucible which permits rapid and accurate work. The felt is prepared 
by igniting a carefully dried layer of ammonium chloroplatinate, which 
has been poured over the bottom of a platinum Gooch’ crucible in the 
form of an alcoholic sludge while the crucible is held against several 
layers of filter paper. The felt can be shaped to the crucible during the 
ignition and subsequently burnished lightly with a glass rod of suitable 
form. If imperfections develop, the felt should be saturated again with 


chloroplatinic acid, the crucible slowly 
lowered into a moderately concentrated 
solution of ammonium chloride, washed 
with alcohol, dried, and ignited. On ac- 
count of the high price of platinum, the 
present tendency is to avoid its use as 
much as possible so that the Munroe 
crucible has never been popular. The 
Norton Company of Worchester, Massa- 
chusetts, make Alundum filtering cruci- 
bles which are very rapid but are rather 
slow to dry to constant weight at low 
temperatures. 




Fia. 10. 


Fia. 11. 


1C. E, Munroe, J. Arial Chem., 2, 241; Chem. News, B8, 101. See also W. O. 
Sncllmg, J . Am. Chem. Soc., 31, 456, and O. D. Swett, tbid., 31, 928. The last refer- 
ence gives a t.able of suitable solvents for removing ignited precipitates from the 
Munroe crucible. 
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Triangles. For use with platinum crucibles, platinum triangles are 
desirable. Figures 10 and U represent two forms of these. The first 
is made of heavy platinum wire and is intended to rest on the ring of a 
lampstand. The second form is made so that it can be screwed on to the 
ring and thus kept in place. 

Figure 12 shows a clay triangle which can be used even for platinum 
crucibles, and Fig. 13 represents a less expensive nichrome triangle. 




This may be used with platinum if it is kept clean and no flux is spilled 
upon it, but there is some danger of staining the crucible with this kind 
of a triangle. 

Triangles of fused quartz arc also useful. Figure 14 shows the correct 
and incorrect ways of placing a crucible on a triangle in an inclined posi- 
tion. 




Burners. Besides the ordinarj’ Bunsen burners which arc familiar to 
all, two other tjqies descr\*c mention. The Tirrill burner is based upon 
the principle of the Bunsen burner but is an improvement in design. At 
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the base of the burner the flow of gas is regulated by a screw which 
operates a needle valve, and the supply of air is regulated by screwing 
the tube of the burner up or down and thus allowing more or less air to 
enter through the holes at the base. 

The M^ker burner provides for a similar adjustment of gas and of 
air but the shape of the burner tube is different. The tube is narrow- 
est near the base and widens out at the top. As a result the delivery of 
the gas under pressure into the inverted cone causes a greater reduction 
of pressure within the tube and a greater inflow of air than in other 
burners which do not operate vdth a blast. There is a more perfect 
miang of the gas with air and a greater combustion of gas within a 
given space. At the top of the burner tube is fitted a nickel grid, and 
the gas bums in a great many small flames with the tip of each inner 
reducing cone about 1 mm above the top of the burner. The many 
small flames unite to give a very hot and highly concentrated flame 
which is oxidizing in character except below the tips of the tiny flame 
cones. A crucible placed just a little above these tiny flames is heated 
nearly as hot as by a blast lamp. 

BisflUed Water. Various forms of stills are in common use. It is 
important that the vessel containing the boiling water should be so 
separated from the condenser that there is little danger of spray entering it. 

The boiler may be of any material, but the con- 
densing worm and supply pipes should be of 
pure tin. 

Distillation does not free water from carbon 
dioxide, oxygen, nitrogen, and ammonia, and 
supply tanks are likely to become slimy after a 
time. For water analysis and in any work 
involving the use of water free from nitrog- 
enous compounds, it is necessary to distil 
the water a second time with permanganate 
in the boiler. The first and last runnings are 
then rejected. 

Wash Bottles. For transferring a precipi- 
tate to a filter and for washing it, a wash hoitle 
is indispensable. Figure 15 shows a sketch of 
Fia. 15. the type most commonly used. It consists of 

a flat-bottomed, 750-ml flask fitted with a 
rubber stopper and glass tubing bent so that the mouthpiece and out- 
let tubing are in line. It is best to make the outlet tube in two 
pieces so that the jet can be manipulated by moving two fingers of 
the same hand that holds the bottle. The nozzle may be made by 
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dravring out tubing until a capillary is formed and then cutting off to 
make a stream of the proper size. A stouter tip may be made by simply 
fusing the end of the original tubing until it has contracted to the proper 
diameter. 

The bend of the long piece of tubing inside the flask is made so that 
this reaches into the deepest part of liquid when the wash bottle is 
inclined slightly as in washing precipitates. A bend of the opposite 
kind is useful for washing precipitates out from beakers, when the bottle 
is inclined in the opposite direction. 

In washing the filter, the stream should always be directed against 
the upper edge of the paper; this is the hardest part of the paper to wash. 

For washing with oi^anic solvents that dissolve rubber, a bottle vith 
a ground-glass stopper is desirable but it is unnecessao’ for most work 
in inorganic chemistry. 

The wash bottle shown in Fig. IG is useful for work with hot water or with bad- 
smelling wash liquids. It contains two tubes like the ordinaij' wash bottle but at 
the end of the tube A a Bunsen valve is placed This is made by cutting a slit in a 
short piece of rubber tubing, placing this on the end of the tube through which one 
blows in using the bottle, and sealing the other end of the rub- 
ber tubing with a piece of glass rod. On blowing, the slit opens 
but closes to prevent escape of steam The third tube C is 
closed by the finger when using the bottle or by means of 
rubber tubing and a pinchcock After blowing t^ugh A, a 
stream of water is ejected at i? if C is kept closed. WTien C 
is opened the stream stops It is well to wind the neck of 
the wash bottle with heavy curtain cord, if it is to bo used for 
hot water. 

Policemen. Sometimes a little precipitate adheres 
to the side of a vessel. To remove it, a piece of 
rubber over the end of a glass stirring rod is used. 

This so-called policeman may be made by sticking 
together the end of a piece of rubber tubing that fits 
the rod tightly, or it may be purchased from a 
chemical supply house. The policeman should not 
as a rule be used for stirring a solution and should not 
be allowed to remain in solutions. 

Transfer of Liquids. In pouring out a reagent from a bottle never 
place the stopper on the workbench. Pick up the stopper between the 
first two fingers of the right hand with the palm up, grasp the bottle 
with the same hand and the palm over the label, and pour from the bottle 
with the label up so that there is no danger of any liquid falling upon 
the label. It is advisable to cover printed labels with thin coatings of 
gum sandarac dissolved in alcohol. In pouring liquids it is always 



Fia. 16. 
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advisable to pour against a glass rod so that none of the liquid is spilled. 
In removing the rod do not move it upward and scrape off a little liquid 
thereby. It is well to give the rod a slight downward motion on taking 
it away. 

Reagents and Glassware. One of the greatest sources of trouble for 
the analjdical chemist is the presence of impurities in reagents and the 
action of solutions upon glassware. It is desirable to buy the purest 
possible reagents, but the chemist should always take care to test them. 
Even if the reagents are perfectly pure, they often become contaminated 
by solutions remaining in glass bottles. In every analysis, therefore, 
errors are likely to arise from impurities that were in the reagents or 
from glassware that has been somewhat dissolved. Solutions of strong 
acids and bases when kept for some time in bottles will always give a 
slight test for silica if sufficient reagent is taken for the test. 

Today it is possible to buy glassware which is much less acted upon 
by reagents than that formerly used. Such glass is essentially a boro- 
sfficate of sodium, zinc, and aluminum. 

It is well sometimes to run through blank analyses to see whether any 
weldable precipitates are obtained when the reagents alone are used in 
an analysis. Such analyses are often misleading because the precipitates 
are so small that they may be overlooked or they may be so fine that they 
need some other precipitate to absorb them and prevent their passage 
through the filter. 

The Evaporation of Liqvuds. liquids are usually evaporated upon the 
water bath. In order to prevent anything from falling into the solution, 
the beaker or dish should be covered with a watch glass which is raised 
sufficiently by a glass triangle or a “ watch-glass support ” to permit 
escape of the volatilized solvent. Under no circumstances, should the 
solution be boiled during evaporation as a little of the solution is always 
carried up with the escaping vapor from a boiling solution. 

Evaporation shoiild take place at a temperature below the boiling point of the 
liquid. If the liquid boils, the escaping gas invariably carries a little entrained liquid 
with it, and for that reason concentrated solutions should never be allowed to boil. 
It b safest to evaporate on a steam bath. Ve^ek that are wide and shallow with 
rounded bottoms so that they fit well into the holes of the steam bath, the so-called 
eiaporating dishes or lasins, are most suitable. When filled with hquid, they are not 
very easy to handle, and for that reason many chemists prefer casseroles which are 
provided with handles. Sometimes platinum dbhes are desirable, but the high cost 
and danger of theft prevents their use in many laboratories. Porcelain dishes have 
been preferred to glass for the evaporation of acid solutions, but it is now possible to 
buy glass vessck T\hich will resbt the acrion of dilute acids and bases just as well as, 
if not better than, the better grades of porcelain. Dishes made of fused quartz are 
light and preferable to either glass or porcelain when they are to be weighed. 
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Many laboratories prefer hot plates heated either by gas or by electricity to steam 
baths; for these, the round-bottomed evaporating dishes are not at all siutable be- 
cause there is very little contact of the bottom with the plate and in moving the dish 
about there is danger of spilling some of the contents. Unless the heat is controlled 
*0 that the evaporating solution does not boil, there is almost always loss by spatter- 
ing when the solution is evaporated to a small volume on a hot plate. During the 
evaporation, the dish or beaker should be covered loosely with a watch glass by 
placing a glass triangle, or glass supports, on the upper edge with a watch glass on 
top. If the watch glass (or clock glass) is placed directly upon the vessel, the rate of 
evaporation is retarded; moisture condenses on the under side of the air-cooled 
watch glass and drops back into the solution. This is particularly serious in evapo- 
rating solutions containing sulfuric acid; toward the last the liquid becomes concen- 
trated sulfuric acid and water dropping into It causes very serious spattering. 

Flasks arc not, as a rule, suitable for evaporations because there is considerable 
condensation on the sides and nock of the flask. On the other hand, small quantities 
of solution containing sulfuric acid are evaporated conveniently in Erlcnmeyer flasks. 
If the flask is held by tongs in a somewhat tilled position and is kept in constant 
motion over a small flame, evaporation is rapid and the sides of the flask serve to 
prevent loss by spattenng. Care must be taken not to let the flame come in contact 
with any part of the flask that is not being kept wet with the solution or the glass will 
become overheated and will break when the cooler liquid comes in contact n*ith it. 
A gentle blast ol heated air Is sometimes allowed to play upon the surface of an 
evaporating liquid; this drives away the vapor and hastens the evaporation. 

The Drying and Igniting of Precipitates. Before a precipitate 
can be weighed it is usually necessary to dry it. Those precipitates 
wliich do not undergo a change of weight on ignition arc treated as 
follows: 

(a) The Precipilaic Is Ignited Dry. This method, in which the precip- 
itate is separated from the filter, the filter burnt by itself, the ash added 
to the main jiart of the precipitate, and the mixture then ignited to con- 
stant weight, is u-sed when the ignited substance will be reduced by the 
burning paper, for c.xamplc, precipitates of silver chloride, lead sulfate, 
bismuth oxide, etc. 

To perform this operation it is first desirable to drj' the filter and 
precipitate at 100®. 'Wet a common filter, stretch it over the top of 
the funnel, and then gently te.^ off the superfluous paper. The cover 
thus formed continues to adhere after drjing. Place the funnel and 
filter in a do'ing-closcl and drj' at 100-105®. I^Ticn they are perfectly 
dr>*, place a weighed crucible upon a piwc of glazed paper of about 20 

sqcm (Fig. 18, left) and carefully shake the drj' precipitate into the cruci- 
ble, removing it from the p.apcr as completely as possible by gentle 
nibbing with a platinum sp.atula. Brush into the cniciblc with the aid 
of a feather any small particles of the precipitate which may have fallen 
ujKin the glazwl paper (Fig. 18). Small particles of the precipitate will 
fctill always adhere to the paper, and these must be wciglicd. In order 
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to accomplish this, set fire to the filter and weigh the ash hy itself or 
mixed with the main part of the precipitated 

The combustion of the filter, to which small particles of the precipi- 
tate still adhere, is best accomplished by the method proposed by Bun- 
Ben as follo'ws: Fold the filter together so that the precipitate occupi^ 
the position indicated in the shaded part of Fig. 17 a, and then fold again 



6 

Fio. 17. 


as indicated by & and y of Fig. 17 to a narrow strip. Roll up the paper 
as indicated by 5, beginning at 6, so that the portion of the filter which 
is free from the precipitate is on the outside. Place the roll in the loop 
of a platinum wire, hold it over the crucible (see Fig. 18) , and set fire to 



Fia. 18. 


the filter hy means of the gas flame. Take away the flame and allow 
the paper to bum quietly. If carbonized particles still remain, apply 
the gas flame repeatedly until it is no longer possible to make the par- 
ticles glow any more. (Too strong i^tion should he avoided.) Add 
the ash to the contents of the crucible by gentle shaking and the final 

' By Msing filter paper ^111011 lias been carefully washed with hydrochloric and 
hydrofluoric acids, it is permissible to neglect the weight of the ash from the filter 
itself. With an unknown paper it is necessary to determine the weight of the ash 
by a Bcparate experiment and then correct the weight of the precipitate obtained. 
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use of the feather. Heat the crucible at first with a small flame, and 
gradually raise the temperature until the prescribed temperature of igni- 
tion for the given precipitate is reached. Finally remove the flame, 
allow the crucible to cool somewhat, and while it is still warm, but not 
glowing, place it in a desiccator (Fig. 19). 

After cooling (at least three-quarters of an hour for porcelain crucibles 
and 20 minutes for platinum ones) weigh the crucible and its contents. 

Many precipitates (silver chloride, lead sul- 
fate, etc.) are partially reduced to metal by 
the above treatment. As these metals are diffi- 
cultly volatile, however, there will be no loss 
of the metal, only of the anion (chlorine in 
the case of silver chloride and SO4 in the case of 
lead sulfate). This loss may be readily re- 
placed. Moisten the metal in the crucible 
with a few drops of nitric acid to dissolve it, 
add a few drops of hydrochloric acid (in the 
case of a silver chloride precipitate), or of 
sulfuric acid (in the case of lead sulfate), and Fig. 19 . 

after evaporating off the excess of the acid, 
weigh the crucible. The only danger in this method is that in 
burning the filter the ash is heated too hot, so that some of the reduced 
metal melts and alloys with the platinum wire. If, however, the filter 
paper is rolled up as was directed, there is always some paper free from 
precipitate between the precipitate and the platinum wire, yielding an 
ash which, although its w’cight is inappreciable, is still sufficient to 
protect the wire and prevent the reduced metal from coming in con- 
tact ^vith it, provided that it is not heated strongly enough to melt 
the metal. 

Many precipitates (KjPtCU, etc.) arc changed so much by this treat- 
ment that it would be impossible to obtain correct results. With such 
precipitates the filter cannot be burnt, but it is previously dried at a 
definite temperature and weighed; afterwards the precipitate and filter 
arc again dried at the same temperature and weighed again. 

For drj'ing precipitates an electric oven with automatic temperature 
control is most advantageous. The regulator can be set at the desired 
temperature, which will be maintained indefinitely vdihm a few degrees 

(6) The Precipitate Is Ignited WcL Those precipitates which do not 
suffer any permanent change by the action of the products of combustion 
of the filter may be ignited wet. Allow the precipitate to drain ns much 
ns possible, and vliilc still moist place the filter and precipitate in a 
crucible, with the paper folded so that the precipitate is not exposed and 
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SO that the moisture will be expelled through a layer of paper and not 
directly into the air. Place the cruable in an inclined position upon a 
triangle (Fig. 20)/ with the cover inclined against the upper edge of the 
crucible and resting on the triangle. Direct the flame of the burner 
against the cover, which quickly dries the filter, then scorches it. Before 
it takes fire, move the flame to the back of the crucible and heat with a 
small flame until all the paper is con- 
sumed without taking fire, then slowly 
increase the temperature until finally 
the crucible is subjected to the whole 
heat of the burner, after which it can be 
heated over the blast lamp if necessary. 

Always in igniting precipitates care 
should be taken to raise the temperature 
slowly. The object in keeping the flame 
near the mouth of the crucible at the 
start is to make sure that the contents 
of the crucible are dried from the out- 
side. If the flames were placed at the 
base of the crucible at the start, there 
would be more danger of loss by spat- 
tering. It is better to use a small 
flame near the crucible than a large 
Fiq. 20. flame with the crucible raised. Care 

should be taken not to let the paper 
take fire, except when the bulk of the precipitate has been re- 
moved from it and is ignited separately. When the paper bums 
rapidly in the crucible there is danger of a slight mechanical loss due to 
the rapid escape of the products of combustion. 

Too rapid heating of a paper filter may cause two other errors. Often 
the temperature is raised rapidly enough to fuse a little salt around the 
ash of the paper, and carbon inside such a fused coating is hard to burn 
because it is out of contact with the air. This is true, for example, 
of a silica precipitate, which is likely to retain a little adsorbed alkali 
salt. If the precipitate is heated rapidly a little carbon is likely to 
remain even after long ignition over the blast lamp. 

Another serious error is sometimes caused by an undesirable reduction. 
If the filter paper is smoked off slowly at a low temperature it is possible 
to heat mag nesium ammonium phosphate in a platinum crucible with- 

*lnFig.20, the inner triangle is platinum wire, the outer triangle is heavy iron wire. 
Triangles of fusedsilicaorofnickel-chromiumalloy are suitable (cf. p. 33), but platinum 

aUoj*a with iron, so that a hot crucible should never be placed in contact with iron wire. 




THE PROPERTIES AND CARE OF PLATINUM 


41 


out damage to the crucible or to heat ferric hydroxide without getting 
any magnetite formed. 

In the case of magnesium ammonium phosphate it is quite likely 
that the reduction may be caused by ammonia as well as by carbon. 
The same principle holds, however, for if the ammonia is expelled slowly 
at a low temperature there is less danger of a harmful reduction than 
when the precipitate is decomposed rapidly by strong heating. 

WTien the price of platinum was low, chemists were accustomed to 
use platinum vessels freely. Thus platinum evaporating dishes, cruci- 
bles, filtering cones, spatulas, and heavy platinum wre were used in 
nearly every chemical laboratory. Since the metal has become more 
expensive, the chemist is learning how to get along without much of it. 
Glassware and porcelain are now made of better quality and can be used 
in chemical work without much contamination. Most ignitions can bo 
made in a porcelain or quartz crucible as well as in platinum. More 
time is required to cool these crucibles after they have been heated, but 
the chemist learns to do something else during that time and in the end 
gets more work done by using a number of porcelain crucibles than ho 
used to do with a few platinum ones. 

The Properties and Care of Platinum. Platinum melts at 1770® but 
does not soften much until this temperature is nearly reached. It 
resists the action of all common acids e.xcept aqua regia and solutions 
containing chlorine. Long contact with acid ferric chloride solution is 
also injurious. It forms alloys with easily reducible metals, and platinum 
crucibles are ruined when such alloys are formed. Long contact with 
hot carbon injures platinum, some carbide being formed. For this reason 
a crucible should always be heated with an oxidizing flame; the flame 
should never show a luminous tip, and the top of the inner cone should 
be below’ the bottom of the heated platinum vessel. 

Fusion with alkali hydroxides injures platinum, but the metal will 
stand fusion with alkali carbonate. Compounds of phosphorus arc 
likely to be reduced by hot carbon, and the crucible is ruined when 
phosphide of platinum is formed. 

Iridium has been used to harden platinum but the alloy is less resistant 
to the action of reagents than pure platinum and the iridium is vola- 
tilized appreciably by he.ating over the blast lamp. Even good plati- 
num ware is likely to become frosted by strong ignition but the surface 
cr>'.stals which cause the frosty appearance should be fine and evenly 
distributed. A poor platinum alloy will often become covered with a 
whitish coating and with brouTi iron oxide stains. In buying platinum 
it is advisable to get hajiimcred rather than spun ware, which is more 
likely to have surface cracks. It is well to specify that no distinct. 
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uneven discoloration should result from heating, that treatment with 
acid should show no test for iron after heating 2 hours, that the loss on 
heating at 1100° should not exceed 0,2 rag per hour over a period of 4 
hours, and that 5 per cent of rhodium instead of iridium should be pres- 
ent as hardening agent. 

Handle platinum carefully and avoid bending. Use clean tongs for 
handling hot crucibles, and do not let the tongs come in contact with 
melted flux. 

To clean, use chromic acid for removing organic matter, hydrochloric 
or nitric acid singly (never mixed) to remove insoluble carbonates or 
metal oades. Fuse wth sodium carbonate or borax to remove silica 
or silicates and vdth alkali pyrosulfate to remove metals or oxides that 
resist the action of acids. 

Never heat platinum with the inner cone of the Bunsen flame touching 
the vessel; this will cause brittleness. 

Do not heat compounds of lead, tin, bismuth, arsenic, antimony, or 
zinc in platinum. Do not ignite sulfides in platinum, and avoid heating 
phosphorus compounds except with great care. 

Do not attempt to remove fusions with knives, files, glass rods, or 
other hard tools. Use rubber-tipped rods or solvents. 

Polish dull surfaces with sea sand or very fine Carborundum' powder. 

Preparation of the Substance for Analysis 

It is very difficult to give general rules for the preparation of sub- 
stances for analysis, for it is necessary to proceed differently in differ- 
ent cases. If it is desired to determine the atomic composition of a 
substance, it is necessary to choose pure material for the analysis. 
Although this sounds so simple it is often one of the most 'difficult con- 
ditions to fulfill. Many substances are hygroscopic and absorb moisture 
from the air, which can be removed by heating the substance or by 
simply allowing it to stand in a desiccator over calcium chloride, pro- 
vided that the substance itself undergoes no change by this treatment. 
Many substances containing water of crystallization cannot even be 
dried in a desiccator, but must be analyzed air-dry. It is always neces- 
sary to determine whether the substance to be analyzed possesses a con- 
stant weight. 

Many commercial salts are prepared pure and can be analyzed 
directly, usually, however, they have stood for some time in the air and 
have been handled somewhat, so that they arc not so pure as when 

Carborundum” is the proprietary name of a special make of silicon carbide 
which is much used as an abrasive. 
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freshly prepared. Conscquentlyj if it is desired to test the accuracy of 
an analytical process, the purity of a commercial sample should never 
be taken for granted. If the substance is soluble in water it can be 
purified by recrystallization. 

Dissolve 10 or 15 g of the commercial salt in the least possible amount 
of hot water (it is best to use not quite enough water to dissolve the 
substance completely ) , and pour the hot solution through a plaited filter 
contained in a funnel with the stem broken off (Fig. 21). This serves 
to remove all dust or other insoluble impurity. Catch the filtrate in 
an evaporating dish and cool it rapidly, while stirring constantly, by 
placing the dish in a larger one containing cold water. 



By means of the rapid cooling and constant stirring, the salt is 
obtained in the form of a crystalline powder.* Filter off the crystals and 
drain them by suction. A perforated porcelain plate covered with 
filter paper may be used in the funnel, or an ordinary filter may be 
used placed in a perforated filter cone or in a small hardened paper, 
to prevent tearing the paper by suction. Test the purity of the sub- 
stance qualitatively by means of some suitable reaction. If it is still 
not quite pure, repeat the same proce^ of recrystallization until the 
presence of no impurity can be detected. 

Place the pure, moist crystals upon a layer of several thicknesses of 
clean filter paper, cover with another sheet of filter paper, and allow the 
crystals to stand for 12 hours at the ordinary temperature. Then 
weigh out 1 or 2 g of the substance upon a tared watch glass, place it 
upon a dry glass plate, cover loosely with another watch glass, and allow 
it to stand for several hours more. If the substance shows no change in 

> Large crystals would be obtained by allowing the solution to cool slowly, but 
they are undesirable, as they usually contain more enclosed mother liquor than the 
smaller crystals Most water-soluble salts are much more soluble in hot water than 
in cold water. 
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weight it is ready for analysis. Otherwise it must be dried in the air 
until it no longer shows a change in weight. It is permissible to dry 
in a desiccator only those substances which will not lose water of crystal- 
lization. Deliquescent substances, of coui^e, should not be allowed to 
remain exposed to the air for very long. Such substances must be 
quickly dried upon a porous plate and transferred as soon as possible to 
a flask provided with a closely fitting ground-glass stopper. 

For technical analyses, the purpose being to determine the cost or 
selling price of an article or to control its manufacture, the substance 
must be analyzed as it is. The sample should represent as far as possible 
the average composition of the product. 

The selection and preparation of representative samples for analysis 
are matters of so great importance that they have been discussed in 
more than 1200 papers^ written since 1892. The quantity of material 
from which the sample for analysis should be taken varies with the 
nature of the material. If it is homogeneous it is merely a matter of 
grinding a portion until it is of suitable fineness. 

The Influence of Fine Grinding on Composition 

The rate at which a substance dissolves increases as the amount of 
surface exposed to the solvent is increased, and for this reason solid 
substances always dissolve more quickly when reduced to a fine powder. 
Moreover, when a material undergoes chemical attack, an insoluble sub- 
stance is often formed and, during the process of solution, the insoluble 
substance may form a protective coating over particles of material that 
have not been acted upon. This danger is diminished if the material 
is in the form of a fine powder. For these reasons the chemist usually 
prefers to grind a solid substance to an impalpable condition before 
attempting to analyze it. 

This practice, though desirable in most cases and absolutely necessary 
in others, is accompanied by certain disadvantages. If the material 
is hard there is always some contamination from the material of which 
the grinding apparatus is constructed. Thus when the sample is ground 
in a steel mortar or in a steel ball-mill, it will be contaminated with a 
little iron, and if ground in an agate mortar vdth a little sihea.® Again, 
if^the sample readily undergoes slight decomposition, such a chemical 

1 Cf. W. J. Sharwood and M. M, Bernewitz, Biblwgraphy of the LiteratuTe on 
Sampling, Bureau of Mines Publication. Serial No. 2336. 

* Hempel {Z. angew. Chem., 1901, found that an agate mortar and pestle 
lost 0.052 g in grinding 10 g of glass to a fine powder. E. T. Allen found a loss of 
0.145 g of agate in grinding 200 g of quar..s. 
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change is likely to take place durii^ the operation of grinding. In 
this way the determination of moisture, of ferrous iron, and of sulfur 
may be influenced very appreciably. 

A number of investigators have pointed out the effect of grinding 
upon the moisture content of a sample. If the sample is practically 
dry, it is likely to absorb considerable moisture when dried in the air. 
Thus Hillebrand^ found that a piece of unglazed porcelain contained 
no moisture originally, but showed 0.62 per cent of water when ground. 
If the substance is very hygroscopic, this danger becomes greater. On 
the other hand, grinding often causes loss of moisture. This is notably 
true of substances containing water of crystallization or superficial 
moisture. Thus grinding can easily reduce the moisture content of a 
sample of gypsum from 20 to 5 per cent, and a sample of coal may show 
several per cent of moisture when large lumps of it are tested and very 
little moisture after it is reduced to a fine powder. 

The heat produced by grinding may not only serve to expel mois- 
ture from the sample, but it may even cause chemical change. Thus 
Mauzelius^ has shown, and the experiment has been repeated by Hille- 
brand* that the ferrous iron content of a rock becomes smaller on account 
of grinding the rock to a fine powder. It has also been found that some 
sulfur may be lost by long grinding of a sample of pyrite. 

The effect of grinding, therefore, accounts for many divergent results 
obtained by different chemists who have analyzed the same original 
material. 


Sampling a Shipment 

To prepare a representative sample from a large mass of material, 
such as a shipment of ore or of coal, special precautions are necessary. 
It is never safe to take samples from the top of a large pile of material, 
but portions should be selected from all parts. The easiest way to do 
this is in the loading or unloading of the shipment, taking out portions 
at regular intervals cither by a shovel, trowel, or mechanical sampler. 
In sampling coal, the United Slates government* takes, as a rule, 1000 
pounds from each shipment of 500 tons or less. The size to which ore 
must be crushed for sampling depends on (1) the weight of material 
given to the chemist from the shipment,* (2) the relativeratioof the rich- 

» The Analytic of Silicate and Carbonate Rock , Bull. 700, U. S Geol. Survey. 

* Sitngca Geol Undcrsdfming, Arsbok 1 (1907). 

* J. Am Chan. Soc., 30, H20 (190S) 

«G S Popc,.\/dAo(f3r)/Samplini>P<ntwrfCoal,Bur.ofMines,Bull 110. 

* D. W. Bnmton. “ Tlie Tlieorj’ and Practice of Ore Sampling,” Trans. Am. Insl 
^fin. Eng , 25, 827 (lS9o). 
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est mineral value and the average value of the ore, (3) the density of the 
richest material, and (4) the number of particles of the richest mineral. 
The more “ spotty” the ore the larger must be the original weight se- 
lected. The results of Brunton’s work show that it is necessary to 
crush the sample before “cutting it down ” and advisable after each 
“ cutting ” to crush it still finer. 

Crushing the Sample, After enough material has been taken from 
a shipment to guarantee a representative sample, the next operation 
is to crush it so that the largest particle is not larger than a certain 
definite size. Thus, with a sample of coal weighing 1000 pounds, it is 
all broken up so that the diameter of the largest piece is not more than 
1 in. This may be done by a mechanical grinder^ or by hand with 
an iron tamping bar or sledge. In mineral analysis, where smaller 
samples are usually taken, samples are often broken up by pounding 
on a hardened steel surface with a hardened hammer of the best tool 
steel.® 

Mixing and Coning. To mix the sample, it is customary to shovel 
it into a conical pile. Each shovelful should fall upon the apex of the 
cone, the material should be thrown so that the cone is not pushed 
away from its original position, and the ^oveler should walk around the 
cone as he shovels. This serves to bring the finer material near the 
center of the pile, and the coarser pieces run down the sides. Of the 
first cone usually one half is rejected. This can be done by shoveling 
away the cone from the bottom, while walking around the cone, and 
rejecting every other shovelful. Or the cone may be flattened and 
quartered. 

Quartering. The top of the cone is flattened out and divided into 
quarters. Opposite quarters are taken for the next crushing. 

The mixing, coning, quartering, and crushing should continue until 
finally a sample of 100-200 g is obtained. When the samples are small 
enou^, the mixing is best done on a sheet of glazed paper, rubber, or 
oilcloth. A comer of the sheet is lifted and drawn across, low down, 
in such a way that the material is made to roll over and over and does 
not merely slide along. The sample should be rolled back and forth 
along each diagonal for 100 times or more. Then the sample may 
be spread out into squares and a little taken from each square. In 


®W. F. Hillebrand, The Analysis of SUiaite and Carbonate Eocks, U. S. Geol. 
Survey, Bull. 700. 

* Mechanical grinders should be made of specially hardened steel and shoxdd be 
built so that they can be kept clean esrily. For laboratory grinding, a modified 
McKenna ore gnnder has been recommended by Hillebrand. {Butt. 700, U. S. 
Geol. Survey.) 
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weighing out an ore it is always well to mix it by rolling back and 
forth unless it is extremely fine, when it is not likely to segregate on 
standing. Segregation takes place when particles are of different sizes 
and densities. 

If, in the sifting of an ore, metallic particles are left on the screen, it 
is necessary to analyze these particles separately and make a proper 
allowance in the final calculation. It is necessary then to know the 
weight of the entire sample and the weight of metal that does not pass 
through the screen. 

In sifting samples, wdre screens are commonly used, but inasmuch as 
a little metal is introduced into the sample, silk bolting cloth is prefer- 
able. 

The cutting, or dividing, at the several stages of the sampling process 
is best done by mechanical means. Some machines, of the riffle type, 
constantly deflect a part of the material that passes through them. 
Others, which for some purposes are more desirable, change the direction 
of the fall of the ore at regular intervals. Buckets are constructed so 
that, as ore is poured into them, half of it is retained and half rejected. 
Split shovels, consisting of a series of parallel troughs with equally 
wide spaces between them, are made of various sizes. The ore retained 
by the shovel, or that which passes through, may be taken for the 
sample. In using such shovels, of which the smallest size is useful for 
weighing out samples that arc not perfectly homogeneous, allow a thin 
stream of ore to fall back and forth over the riffle. The distance 
between riffles should be at least three times the diameter of the largest 
particles of ore. 

In sampling metals and alloys it is necessary to remember that they 
are seldom homogeneous. During solidification the part that solidifies 
last is usually different from that which first separates on cooling. As 
a rule, the outside of an ingot solidifies first and some of the impuri- 
ties are likely to be concentrated or segregated in the interior. In a 
steel rail, microscopic examination often shows that the head, the foot, 
and the web are not exactly the same. The sample used for analysis 
should consist of borings taken from all over the rail, or, better still, it 
should be obtained by planing over the entire cross section. A macro- 
scopic’ sur\'ey of the entire cross section after it has been treated with a 
suitable etching agent, such as an 8 per cent solution of cupric ammonium 
chloride or a G per cent solution of iodine in alcohol for steel specimens 
will often show where segregation has taken place. 'VlTien metals break 
under strai n, the crack usually starts at some place where the material 

^ Mapiifications of less than 10 diameters are often classed as macroscopic, al- 
though, strictly speaking, they arc not included m an exact definition of the term. 
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is defective, usually owing to a little enclosed slag. The analysis of the 
entire material will often fail to indicate a defective material, and the 
cause of the fracture can be shovm only as a result of metallographic 
examination of polished specimwis under the microscope and the chemi- 
cal analysis of portions where segregation has been revealed by the micro- 
scope. 



CHAPTER II 

GROUPS I AND n OF CATIONS 


SILVER, THALLIUM, MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, 
ARSENIC, ANTIMONY, TIN, GERMANIUM, MOLYBDENUM, SELENIUM, 
TELLURIUM, GOLD, RUTHENIUM, RHODIUM, PALLADIUM, OSMIUM, 
IRIDIUM, PLATINUM 

All the above cations are precipitated by hydrogen sulfide from solutions which are 
slightly acidic in mineral acid. Of these 21 elements, 12 are not considered in ele- 
raentaiy textbooks on qualitative analysis because of their rarity. For convenience, 
it is customary to divide the 21 metals into three groups: (1) metals which form sul- 
fides that are insoluble in solutions of alkali sulfides, (2) metals which form sulfides 
that arc soluble in alkali sulfide solutions, and (3) gold and the platinum metals. 
From the similarity of the metal sulfides of the first subgroup to the metal oxides, 
this subgroup has been called the sul/o bases; and, since the elements of the second 
subgroup form sulfides comparable rvith the noo-metallic oxides, these elements have 
been classed as the svlfo adds. The platinum metals ruthenium, osmium, rhodium, 
and palladium can be classed with the sulfo bases, while gold, platinum, and iridium 
could be considered as belonging with the sulfo acids, but this division of the platinum 
metals is not a sharp one. Silver, thallium, mercury, and lead arc classed as Group I 
of the usual quahtative scheme; these metals form chlorides which are difficultly 
soluble m water. The precipitation of lead as chloride is usually incomplete, and 
insoluble chlondes of mercury and thallium are formed only when these metals are in 
the umvalent state. 

(o) METALS WHICH FORM SULFIDES INSOLUBLE IN DILUTE MINERAL 
ACIDS AND IN SOLUTIONS OP ALKALI SULFIDES 

SILVER, THALLIUM, MERCURY, LEAD, BISMUTH, COPPER, 

AND CADMIUM 

SILVER, Ag. At Wt. 107.88 
Forms and Ag 

Silver occurs native and as the sulfide, lelluride, arsenide, antimonide, chloride, 
bromide, iodide, and in numerous sulfo salts. Native gold usually contains some 
silver, and the same is often true of native copper. In ordinary mineral analysis, 
practically all the silver mil be precipitated as chlonde together with sihea, but if 
any appreciable quantity of silver is present it will be noticeable by the curdy appear- 
ance of the precipitate and the fact that it darkens on exposure to light If ignited 
together with silica in a platinum crucible, the sdver chloride nill be reduced to 


* Under this beading will be given in every case the symbols of the states in which 
the clement in question is best weighed in grawmetne analysis. 
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metal and alloy with the platinum. If diver ions pass into the filtrate from the 
silica they will not be precipitated unless the solution is saturated with hydrogen 
sulfide or treated with ammonium sulfide. 

Silver is separated from other metal ions as chloride. Lead, palladium, univalent 
mercury, univalent copper, and univalent thallium are also precipitated as chlorides, 
and insoluble basic chlorides of antimony or bismuth are often formed by hydrolysis. 
Silver chloride is not precipitated from alkaline solutions containing alkali cyanide or 
alkali thiosulfate as silver forms complex soluble cyanide and thiosulfate anions. 
Interference by organic matter, cyanides, thiosulfates, mercury, copper, and thallium 
can be prevented by boiling with aqua regia or, except in the case of thallium, nitric 
acid. Interference of lead can he prevented by prolonged washing of the precipitate 
with hot, dilute hydrochloric acid or by first precipitating the lead as sulfate. Palla- 
dium, which as [PdCU]” salt imparts a pink tint to the precipitate of silver chloride, 
can be removed by repeatedly dissolving the AgCl precipitate in ammonia and 
reprecipitating it by adding a little nitric acid to neutralize the NH*. 

Determination as Silver Chloride, AgCl 

Heat the solution, slightly acid with nitric acid, to boiling and pre- 
cipitate the silver by the addition of hydrochloric acid, drop by drop, 
until no more precipitate is formed. Allow the precipitate to settle in 
a dark place, filter through a Gooch crucible, and wash, first with water 
containing a little nitric acid until the chloride test can no longer be 
obtained and then twice with alcohol or water to remove the nitric acid. 
Dry the precipitate at 100® and finally at 130® till a constant weight 
is obtained. If it is not desired to use a Gooch crucible for this deter- 
mination, filter off the silver chloride upon an ordinary washed filter, 
wash as before, and dry at 100®. Transfer as much of the precipitate 
as possible to a weighed porcelain crucible, burn the filter (as described 
on p. 38), and add the ash of the filter to the main portion of the pre- 
cipitate. Moisten with a little nitric acid and a drop or two of concen- 
trated hydrochloric acid, dry on the water bath, and heat over a free 
flame until the silver chloride be^ns to melt. Weigh after cooling in a 
desiccator. 

Solubitily of Silver Chloride,^ One liter of water dissolves 0.00154 g AgCl at 20* 
and 0.0217 g at 100*. In water conttuning a little hydrochloric acid, the AgCl is 
less soluble than in pure water, but as the quantity of hydrochloric acid is increased, 
the solubility of AgCl rises rapidly. Thus 1 1 of 1 per cent HCl dissolves only 
0.0002 g AgCl at 21“, but 1 1 of 6 per cent HO dissolves 0.0003 g, and 1 1 of 10 per 
cent HCl dissolves 0 0555 g AgCl. By melting the silver chloride there is always 
loss by volatilization. 

Determinarion as Metal, Ag 

Metallic silver is obtained by the ignition of silver oxide, carbonate, 
cyanide, or the salt of an organic acid. In the last case, the substance 


* G. S. Wlutby, Z. anorg. Ckem., 67, 108 (1910). 
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must be heated very cautiously at fimt in a covered crucible. When 
the organic substance is completely charred, remove the cover from the 
crucible and heat until the carbon is completely burned ; then weigh the 
crucible. 

From the chloride, bromide (but not the iodide) , and sulfide, the metal 
can be obtained by igniting in a current of hydrogen. The reduction 
of the chloride, bromide, and iodide can be effected very conveniently 
by passing the electric current through the substance after it has been 
melted together. Place the porcelain crucible containing the silver 
halide in a crystallizing dish and near it place a second crucible contain- 
ing a little mercury and a small piece of zinc. Upon the silver salt place 
a small disk of platinum foil, fastened to a platinum wire which dips into 
the mercury in the other crucible. Fill the crystallizing dish with 1.5 iV 
sulfuric acid so that the crucible is entirely covered with the acid, and 
allow to stand over night. Next morning all the silver salt will be 
found to be reduced. Remove the crucible from the acid, wash with 
water, dry, ignite, and weigh. By this simple method, E. Lagutt 
obtained excellent results. If the silver halide has not been fused to a 
compact mass, small particles of the silver precipitate are likely to float 
around during the operation, and escape reduction. 

Separation of Silver from Other Metals 

As almost all metal chlorides' are soluble in dilute hydrochloric acid, 
silver is usually separated from the other metals by the addition of 
hydrochloric acid to the solution. If the solution contains mercurous 
salts these are oxidized before the addition of the hydrochloric acid by 
boiling with nitric acid. 

For the separation of silver from gold and platinum in alloys see pp. 
128, 129, and 132. 

Electrolytic Determination of Silver 

Silver may bo deposited from nitric acid solutions, from ammoniacal 
solutions, and from potassium cyanide solution. 

From nitric acid solution, the electrolysis succeeds under the follow- 
ing conditions: 0.5 g of silver in 150 ml of 0.1 N nitric acid electrolyzed 

*Thc cWoridcs may precipitate togeUier -aith AgCl are UrjCI,, TICI 

PbClj, BiOCI anti SbOCl. Precipitation of BiOCl and SbOCl is prevented by mak- 
ing the solution more acidic, and these precipitates arc soluble in dilute IJCl. PbCL 
in ca.«uly dissolved by hot water TIQ » appreciably soluble in hot water but the 
best way to remove TlCl from a mixture of AgCl and TlCl is to lioil the precipitate 
with aqua repa to convert TlCl to soluble UuUIic salt, dilute largely and filter off 
the AgCL 
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at 55-60® -with the voltage kept between 1.35 and 1.38 volts. Add 5 ml 
of alcohol to the bath to prevent the formation of peroxide at the anode. 
From 6 to 8 hours is required to precipitate the last traces of silver. 
Wash the electrode without interrupting the current, and dry at 100®, 

Determination of Silver in Alloys with Baser Metals by Dry Assay 

The cupcllation of a silver alloy is carried out in much the same way 
as will be discussed imder the determination of gold. Use 0.5 g of the 
alloy, and hrst determine the approximate silver content by a trial assay. 
Cupel with 5 g of lead, and weigh the reciting button as described on 
p. 129. If the silver is 50 per cent or less, use 8 g of lead for the final 
assay. For each per cent of increase in silver content, use 0.1 g less of 
lead until the content coiresponds to 80 per cent silver. Then decrease 
the weight of lead more rapidly with increase in the silver content, 
using 3.5 g of lead for a 90 per cent alloy, 2.3 g of lead for a 93,5 per cent 
alloy, 1.76 g of lead for a 95 per cent alloy, and only 0.6 g of lead for 
nearly pure silver. Unless care is taken to adjust the lead carefully to 
the silver content, the loss of silver during cupellation is likely to be 
serious. 

For the final assay, cupel 0.5 g of the alloy with the suitable quantity 
of lead and weigh the button. Correct for loss of silver by volatiliza- 
tion and absorption by the cupel, by cupelling in the same way and at 
the same time the corresponding quantities of pure silver and copper. 
Without this correction, the resulte are usually 0.4-1 .1 per cent too low. 

Thallium, TI. At, Wl 204.39 
Forms: ThCr 04 , TljOi 

The beha^or of thallium in mineral analysis depends upon its valence. If it is 
in the univalent state and only a little is present, it is likely to escape recognition 
unless the filtrate from the ammonia precipitation of iron and aluminum is treated 
with ammonium sulfide before precipitating the calcium; black TIjS will be formed. 
In the trivalent state, thallium is precipitated with ammonia and is likely to be 
counted as alununum. By itself, thallium is not precipitated as sulfide in the pres- 
ence of mineral acid although the sulfide is insoluble in acetic acid and in solutions of 
alkah sulfide. Thallous sulfide is rapidly oxidized by sir, soluble thallous sulfate 
being formed. Moat methods for determining thallium call for its prior reduction 
to the umvalent thallous state which is easdy accomplished by adding SO, solution 
in excess and boiling. The most satisfactory method of weighing thallium is as the 
chromate, TlK?rO«, but good results can also be obtained by weighing as tballic 
o:dde, Tl^,. Thallmm can also be precipitated as TII by treating the weakly acidic 
solution with SO, and adding KI m moderate excess. Under these conditions 
CuiI* and Agl are also precipitated 
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Detennination as Thallous Chromate, Tl 2 Cr 04 ^ 

The solution under examination should contain about 1 mg T! per ml, 
no excessive quantity of ammonium salt, and nothing that uill be precipi- 
tated by ammonia, reduce chromic acid, or react T\ith thallium or potas- 
sium chromate in the presence of ammonia. Neutralize the acidic 
solution of thallous salt with ammonia and add 1 ml of strong ammonia 
in excess for each 100 ml of solution. Heat to about 75® and slowly add, 
while stirring, a solution of K2Cr04 until the solution contains approxi- 
mately 2 g of KaCrOi in 100 ml. Cool, and filter, after it has stood 12 
hours, into a weighed filtering crucible. Wash first with 1 per cent 
K 2 Cr 04 solution and finally with 50 per cent alcohol until all soluble 
chromate is removed. Dry for an hour at 120-130® and weigh as 
Tl2Cr04. 

Determination as Thallic Oxide, ThO^ 

To 50-100 ml of acid solution containing thallium in the univalent 
state, no reducing agents, no compounds other than thallium, that arc 
precipitated by potassium ferricyanidc or potassium ferrocyanidc in an 
alkaline solution and no other compounds such as iodide or chromate 
that uill react with thallium, add 5 per cent KOH solution until neutral 
and 25 ml in excess. Add 25 ml of 8 per cent KjFc(CN)6*3H20 solution 
and let stand 18 hours. Under these conditions, thallium is oxidized 
by the ferricyanidc to the thalHc state and precipitated as hydrated 
TUOi. Filter through a weighed filtering crucible, wash with hot 
water, dry at 200® and weigh as ThOj. 

Mercury, Hg. At. Wt. 200.6 
Forms: HgS, HgtCl*, and Hg 
Determination as Sulfide 
(a) Prcapitntion vnth Hydrogen Sulfide 

The solution should contain not over 0.1 g of mercury as mcrairic 
salt in n volume of 100 ml and should contain no oxidizing substances 
(FcC’lj, Cl, much IINOj, etc.). Saturate with hydrogen sulfide in the 
cold, allow the precipitate to settle, filter through a filtering cmcible 
wash with cold water, dry at 105®-110® C, and weigh n.sIIgS. * 

1 Rrov.T\\t\R and dm. J. Sa., {\\ 6, 4GO (ISOO); Mach and Lonr>er 

Z nnfl/ rftm., C9, 30 (lOCr,), Mw^and Brukl, -Uono/ifc., 47, "00 (1920). ' 

‘BrowninK and rolmcr. Am J .So, 14) 27, 5S0 (1909): Mach and Lcnncr 
Z Ofia/ rAon, C8, 41 (1920) “ ' 
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Remark. This method affords excellent results but it is not always applicable, 
because most solutions to be analyzed contain strong nitric acid (obtained by the 
solution of impure mercuric sulfide in aqua repa, by the decomposition of organic 
mercury compounds by the method of Oarius, or by tbe o:ddation of mercurous salts) . 
It 13 not possible to expel the excess of nitric acid by evaporating the solution with 
hydrochloric acid, because considerable amounts of mercuric chloride are volatilized 
with the escaping steam. In such a case the following procedure suggested by 
Volhard should be used: 


(6) Precipitation toith Ammonium Sulfide 
Nearly neutralize the acid solution of the mercuric salt with pure 
sodium carbonate and treat with a slight excess of freshly prepared 
ammonium sulfide. Add pure sodium hydroxide solution (free from 
Ag, AlsOa, and SiOa), while rotating the solution, until the dark liquid 
be^ns to lighten; then heat to boiling and add more sodium hydroxide 
until the liquid is perfectly clear. The solution now contains the 
xSNa 

mercury as sulfo salt, Hg^ . Add ammonium nitrate (6 g for each 

^Na 

100 ml), boil the solution until the ammonia is almost entirely expelled, 
and allow the precipitate to settle. By means of the boiling with 
ammonium nitrate, the sulfo salt is decomposed according to the 
equation : 

Hg(SNa)s + 2 NH*N 03 = 2 NaN 03 + (NHOaS + HgS 


Decant the clear liquid through a Gooch crucible, and wash the 
precipitate by decantation with hot water until the wash water no 
^ , longer reacts with silver nitrate solution. Transfer 

jj the precipitate to the crucible, dry at 110® C, and 

y ^ weigh. If the precipitate contains free sulfur, boil 

Cota it with a little sodium sulfite before filtering.^ 

better way of removing free sulfur from 
the precipitate consists of extracting with carbon 
bisulfide. In this case filter off the mercuric sul- 
fide, together with the sulfur, through a Gooch 
crucible; wash thoroughly with water and then 
three times with alcohol. Now place the crucible 
upon a glass tripod in a beaker containing some 
carbon bisulfide (Fig. 22).® Support the beaker 
over a vessel filled with hot water and cover it 
Fiq. 22. with a round-bottomed flask containing cold water 



^By boiling with sodium sulfite, the sulfur is changed to sodium thiosulfate, 
Na^Oj -b S ” NajSiOi. 

* G. Vortmann, Uebungsbeispiele aw der quantitativen chemischan Analyse, 
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t<j serve as a condenser. After about an hour the sulfur will be com- 
pletely extracted. Remove the carbon bisulfide from the precipitate 
by washing once with alcohol and once with ether. Drive off the ether 
by gently warming, dry the precipitate at 110® C, and W'eigh as HgS. 

Determination of Mercury in Non-EIectroIytes 

If it is desired to determine mercury in an organic non-electrolyte, de- 
compose the compound by the method of Carius (see Chapter VI) by heat- 
ing in a closed tube ^ith concentrated nitric acid, and precipitate the 
mercury as sulfide by the method of Volhard; or to the acid solution 
add pure sodium hydroxide solution to alkaline reaction and then 
enough pure potassium cyanide to dissolve the mercuric oxide. Now 
saturate the solution with hydrogen sulfide, add ammonium acetate, 
boil the solution until the ammonia is almost entirely expelled, allow the 
precipitate to settle, filter, and wash first with hot water, then with hot 
dilute hydrochloric acid, and finally with water. After drying at 1 10® C, 
weigh the precipitate of mercuric sulfide. 

Determination as Mercurous Chloride 

Fop the analysis of a solution contiUning a mercurous salt, treat the solution, at 
a volume of 100 ml for each 0.1 g of mercury, with a slight excess of sodium chloride 
solution. After it has stood for 12 hours filter through a Gooch crucible, dry at 
105* C, and weigh as HgjCU. If the solution contains a mercuric salt, first reduce it 
by the method of H. Rose, using phosphorous acid in the presence of hydrochloric 
acid as follows: 

To the solution of mercuric salt (which almost always contains nitric 
acid) add some hydrochloric acid, enough water to make the volume 
at least 100 ml for each 0.1 g of mercury, and an excess of phosphorous 
acid. After 12 hours filter off the precipitate through a Gooch crucible 
dry at 105°, and weigh. 

Remark, The results obtained by this method are always about 0 4 per cent 
too low, but in spite of this fact the method is to be recommended. 

The phosphorous acid necessary for this method can be obtained by the oxidation 
of phosphorus in moist air or by the decomposition of phosphorus trichloride with 
water, the solution being evaporated to remove tho hydrochloric acid and the residue 
being dissolved m water. 


Determination as Metal 

Nearly all mercury compounds except the iodide are decomposed 
quantitatively by heating uith lime; 

2HgX + 2CaO = 2CaX + 2Hg + O; 
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To cany out this detenmnation/ take a glass tube 50 cm long and 
1.5 cm vnde, open at both ends, and near one end place an asbestos 
plug, follow this with an 8-cm layer of pure lime, then an intimate 
mixture of a weighed amount of substance with lime, and finally a layer 
of lime 30 cm long. At the other end of the tube insert another asbestos 
plug. After the tube has been filled, draw out the tube at the end 
nearest this second asbestos plug until it is only 4 mm wide. Connect 
tins end of the tube by means of rubber tubing with the empty, narrower 
arm of a very small P^ligot tube. Loosely fill the other and wider end 
of the P61igot tube with pure gold leaf. Place the glass tube in a com- 
bustion furnace and pass illuminating gas (carbon dioxide is less suited) 
through it for half an hour. Then heat the tube, at first where the 
30-cm layer of lime is, then light the other burners one after another 
until finally the entire contents of the tube are subjected to gentle 
ignition. During the whole of the operation pass illuminating gas 
through the apparatus at the rate of about three bubbles a second. 
The greater part of the mercury collects in the lower empty end of the ' 
Piligot tube, and the mercury vapors, which are carried further, amal- 
gamate with the gold. A small amount of the mercury condenses in 
the drawn-out tube. After cooling the apparatus (in a current of 
illuminating gas) cut off the narrow part of the tube both sides of the . 
condensed mercury and weigh. Then heat gently, while passing sat 
through the lube to volatilize the mercury, and again weigh. The differ- 
ence in weight pves the amount of mercury condensed in the combustion 
tube. The P61igot tube is usually moist; pass dry air through it for 
some time, and finally weigh it. Tlie gain in weight represents the 
weight of mercury that amalgamated with the gold. 

Although it is easy to obtain good r^ults by this method, it is slower 
than the sulfide method and is no more accurate. 

If it is desired to determine the amount of mercury vapor present in 
a given space, it is only necessary to aspirate the gas through a calcium 
chloride tube filled with gold leaf. 'ITic gain in weight of the latter 
shows the amount of mercurj* present in the gas. 

Small quantities of mercury can be detected by reduction with powdered copper 
followed by amalgamation on gold foil. 

To 600 ml of neutral solution in a TSO-ml flask add 10-20 ml of concentrated 
hydrochloric acid and 2 g of powdered copper. Stopper the flask, shake several 
minutes, and allow to stand over night. Decant off the clear liquid, transfer the 
copper to an asbestos filter, and wash with water, then with ethyl alcohol, and finally 
with ether. Transfer the aU'.dricd residue to a small, glass bulb tube, taking care to 
avoid letting any of the copper stick to the sides of the tubing. The transfer can be 


^ First proposed by Erdmann and Marchand, J. jirakt. Chem., 31, 385. 
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made with the aid of a thin-stemmed funnel. Add a httle powdered MgCO*, insert 
a plug of asbestos at the neck of the bulb, and draw out the tubing about 2 cm above 
the bulb. Place small pieces of dental gold leaf in the constricted part of the tubing. 
Heat the bulb uniformly to red heat with wet filter paper on the constricted part of 
the tubing to keep it cool so that the mercury as it distils from the copper wUI con- 
dense. As little as 0 0001 mg of mercury can be detected. 

Small quantities of mercury can be detected electrolytically with a small platinum 
wire as anode and a fine bright copper wire as a cathode. 


Electrolytic Determination of Mercury* ' 

Mercury can be determined satisfactorily by the electrolysis of acid, neutral, or 
alkaline solutions. The metal is deposited in the form of httle drops, which, when 
the quantity is small, adhere to the electrode, or, when larger amounts are present, 
may collect at the bottom of a platinum dish used as cathode. 

The electrolysis takes place to advantage in solutions shghtly acid with nitric acid. 

Procedure. To 150 ml of the neutral or slightly acid solution of 
the mercurous or mercuric salt in a beaker, add 2 or 3 ml of concen- 
trated nitric acid, and electrolyze with a platinum gauze electrode at 
room temperature with a current of 0.05-0.10 ampere. The voltage 
should bo between 3.5 and 5 volts. If the electrolysis is started at 
night, it nil! bo finished next morning, pronded that the amount of 
mercury docs not e.xcccd 1 g. By using a current of 0.6-1 ampere the 
electrolysis is finished at the end of 2 or 3 hours. At the end of the 
electrolysis, wash the metal with water without interrupting the current, 
then with alcohol,^ and dry by touching it with filter paper. Finally 
keep it in a desiccator over fused potassium hydroxide and a small dish 
of mcrcurj' for several hours. In this w'ay correct results are obtained. 
Drjing at 100® and then over sulfuric acid in a desiccator gives rise to low 
results because the acid absorbs considerable mercury vapor. 

During the electrolysis of mercuric chloride’ the solution often becomes 
turbid from the formation of insoluble mercurous chloride; this does no 
liarm, however, ns the metal is subsequently deposited on the cathode. 


‘Luckow, Z anal. Ckcm , J9, 15 (1S80); Smith and Knerr, Am Chem. J 8 
200; F. W. aarko, Bcr , 11, MOO (1878); ROdorff, Z. angac. Chem , 1894, 3SS; 
CL'isPcn and Ludwig, Her , 19, 321 (1880); G. Vortmann, Bcr., 24, 2750 (1891). 

* It b usually stated that alcohol is not to be used, but with gauze electrodes it 
docs no harm 

• In the electrolysis of the chloride, it b bettor to use a platinum dish with dull, 
unpolwliwl inner surface (CKssen) because then any mercurous chloride will cer- 
tainly mlucctl to metal, T\hich b not nln'aj'a the case with gauze electrodes. 
When a dbh is u<e<l as cathode, wa.«h the electrode, without breaking the circuit, 
by ixmring water into it from » iMttle while the solution b being siphoned off. 
As Nxm as the ammeter reache-* (he zero mark, the washing b finishcil. Turn off the 
current, pour off the solution carefully, dry the electrode as above, and weigh. 
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Mercury can also be electrolyzed from a solution in potassium cya- 
nide in the presence of some caustic alkali, and similarly from a solu- 
tion formed by dissolving mercuric sulfide in 50-60 ml of concentrated 
sodium sulfide solution. 

The great advantage of the electrolytic determination of mercury 
lies in the fact that good deporite are obtained irrespective of the nature 
of the acid radical, or element, which is combined with mercury. 

Lead, Pb. At. Wt. 207.2 

Forms: Pb0,PbS04,Pb02, PbMoOi, PbCrOiiandinrarecasesPbCL^ 
1. Determination as Lead Oxide, PbO 

If the lead is present as carbonate, nitrate, or peroxide, it is only 
necessary to ignite a weighed portion in a porcelain crucible over a 
small flame and weigh the residue. The treatment of the nitrate requires 
care, because on rapid ignition the mass decrepitates. 

2. Determination as Lead Sulfate, PbS04 

If the lead is present in solution in the form of its chloride or nitrate, 
add an excess of dilute sulfuric acid* and evaporate the mixture on the 
water bath as far as possible, then over a free flame until dense white 
fumes of sulfuric acid are evolved. Cool, dilute with 15 volumes of 
water, stir, allow to stand some hours, and filter through a Gooch cru- 
cible. Wash at first ^ith 8 per cent sulfuric acid (by weight), then 
with alcohol, and dry at 100®. Place the Gooch crucible in a larger 
porcelain crucible provided with an asbestos ring, and ignite over the 
full flame of a Teclu or Tirrill burner or heat the crucible in a muffle to 
500-600®. The addition of an equal volume of alcohol before filtering 
off the PbS04 precipitate is advisable except when alkaline earth is 
present. 

If it is desired to use an ordinary filter, finally wash the precipitate with alcohol 
until the wash liquid no longer gives the sulfuric acid reaction, dry, transfer as much 
oC it as possible to a piece of glazed paper, and covet it with a watch glass. Ignite 
the paper together with some precipitate in a tared porcelain crucible. The hot 
carbon will reduce some of the PbS 04 to Pb. Moisten with mtric acid and a drop 
of HtSOi, and heat carefully until all excess acid is evolved. Then add the bulk of 
the precipitate and heat again. 

If the lead is originally present as acetate, treat the solution with an excess of 

* See analysis of vanadinite. 

* The solution at the time of filtering should contain about 5 per cent of free 
sulfuric add. 
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dilute sulfuric acid and twice its volume of alcohol, filter after standing some hours, 
and treat the precipitate of lead sulfate exactly as described above. 

To determine the lead present in organic compounds, place the substance in a 
large porcelain crucible, treat with an excess of concentrated sulfuric acid, and very 
cautiously heat in the covered crucible over a free flame xmtil the sulfuric acid is 
completely expelled. Then gently ignite the crucible; if the residue is white, it is 
ready to be weighed. Otherwise add more sulfuric acid and repeat the process until 
finally a white residue is obtained. 

If the organic lead compound is soluble in water, it is preferable first to precipitate 
the lead by means of hydrogen sulfide and then transform the precipitate into sulfate. 
For this purpose, place as much as possible of the ashed and dried lead sulfide 
precipitate upon a watch glass; heat the filter, and remainder of the precipitate 
in a large porcelain crucible, which is supported in an inclined position. Heat 
carefully over a small flame until the filter paper is completely consumed. Add the 
' main part of the precipitate to the crucible, cover with a watch glass, and treat with 
concentrated nitric acid at the temperature of the water bath. When the main 
reaction is over, repeat the treatment with strong nitric acid imtil the contents of 
the crucible are pure white in color. Then remove the watch glass, add 5 or 10 drops 
of dilute Bulfunc acid, and evaporate the liquid as far as possible on the water bath. 
Remove the excess of sulfuric acid by heating m an air bath which can be made from 
a larger, metal crucible fitted with a wire triangle to support the smaller crucible; 
cool and weigh the lead sulfate. Should the precipitate be dark colored after the 
ignition, moisten it with concentrated sulfuric acid and again expel the excess of acid. 

If the lead is present m an organic compound which is not capable of dissociation, 
the compound should be decomposed in a closed tube with strong nitric acid accord- 
ing to the method of Carius (see Chapter VI), finally washing out the contents of the 
tube, adding sulfunc acid, and treating the precipitate as described above. 

Separation of Lead Sulfate from Barium Sulfate and Silicic Acid 
In the analysis of sulfide ores containing lead, it is customary to 
dissolve the finely powdered ore in nitric acid, or aqua regia, and to 
remove the volatile acids by evaporation with sulfuric acid, eventually 
heating over the free flame until fumes of sulfuric acid come off thickly. 
The sulfuric acid should be diluted with an equal volume of w’ater before 
being added to the original solution; usually 10 ml of the diluted acid 
is sufficient. After the evaporation, allow the moist residue to cool, 
add 100 ml of w’atcr, and filter off the precipitate, washing it with 5 
per cent sulfuric acid. Tlio precipitate contains all the lead as sulfate 
but often contains silica and barium sulfate (also .strontium sulfate 
and sometimes calcium sulfate). If only a little impurity is present, 
treat the precipitate with hot ammonium acetate solution (made by 
neutralizing C N acetic acid with 0 N ammonia, and Icaring the mixture 
barely ammoniacal). ^\^lcn the precipitate is large in amount it is 
best to wash it into a beaker or flask and heat it with about 20 ml of 2 N 
ammonium acetate solution (or enough to dissolve all the lead sulfate), 
then filter tlirough the original filler, and wash with hot ammonium 
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acetate solution and finally with hot water until the filtrate gives no 
blackening with ammonium sulfide. Small precipitates of lead sulfate 
can be dissolved on the filter. The silica and barium sulfate will remain 
undissolved, but calcium sulfate will follow the lead sulfate. 

To obtain lead from the acetate solution, precipitate it as sulfide by 
hydrogen sulfide, and transform, after drying, into sulfate as described 
on p. 59. Or add 10 ml of 18 sulfuric acid to 100 ml of the ammo- 
nium acetate solution, remove the acetic acid by evaporation, allow the 
residue to cooljMilute with water to 100 ml, and filter the lead sulfate 
into a Gooch crucible. Wash the precipitate with cold 5 per cent 
sulfuric acid, heat in an air bath, and weigh. 

If the amount of ammonium acetate solution used is not too large, 
the lead may be precipitated by adding enough sulfuric acid to the 
acetate solution to make the solution contain from 5 to 10 per cent sul- 
furic acid by weight. Sometimes the precipitate is not pure lead sul- 
fate, in which case it should be redissolved in ammonium acetate and 
the precipitation as sulfate repeated. 

With lead ores containing more substantial amounts of alkaline-earth 
sulfates, evaporation of the nitric solution of the ore with sulfuric acid 
gives a residue of sulfates containing a variable amount of lead in the 
form of a mixed precipitate (Ba, Pb)S04, insoluble in ammonium acetate. 
Such ores should be decomposed with hydrochloric and a Uttle nitric 
acid, the liquid evaporated to dryness, the residue digested with 20 ml 
of strong hydrochloric acid, and the acid diluted to 200 ml with hot 
water. Then, after filtering and thoroughly washing with hot water to 
dissolve all the lead chloride, the silica and barium sulfate will remain 
insoluble. Nearly neutralize the filtrate with ammonia and pass HaS 
into the slightly acid solution to precipitate PbS, and after extraction of 
antimony sulfide, etc., if present, with sodium sulfide, dissolve in HNOa 
and convert Into sulfate by evaporaring wltb H2SO 4, etc . , as described on 
p.59. 


3. Determination as Lead Molybdate, PbMo04 

In the absence of alkaline earths, chromates, arsenates, or phosphates the determi- 
nation of lead as PbMoO* is advantageous. The precipitate is less soluble than 
PbSOj and has a high molecular weight. The introduction of molybdate however is 
objectionable if other ions are to be determined in the filtrate from the lead determi- 
nation. 

Procedure. Dilute the solution containing preferably not more than 
0.5 g of lead to about 200 ml and add 0.5 ml of 6 AT HNO3. Heat 
to boiling and slowly add, while Btirring, a 2.5 per cent aqueous solution 
of (NH4 )«Mo 70 i 4*4 HiO. When the precipitation appears to be com- 
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plete, let the precipitate settle and add a few more drops of the reagent 
but avoid a large excess. When the precipitation is complete add 
6 N NH4OH until the solution is faintly basic to litmus paper, then add 
a few drops of acetic acid. After about 15 minutes, filter through a 
weighed filtering crucible and wash with hot 2 per cent ammonium 
nitrate solution. Place in a radiator or muffle and heat slowly to dull 
redness. Weigh as PbMo04. 

4. Determination as Lead Chromate, PbCf04 

The determination ol lead as chromate has been recommended often but since the 
composition of the heated precipitate does not correspond exactly to the formula 
PbCrOi the method is not to he recommended except for determining small quantities 
of lead. Even then it is advisable to carry out a determination with a known quan- 
tity of lead under precisely the same conditions and from this find an empirical factor 
to be used in calculating the results. A precipitate of PbSO# which can hardly be 
seen can be dissolved m hot ammonium acetate solution and will give a much more 
characteristic yellow lead chromate precipitate 

Procedure. Precipitate not more than 0.05 g of lead as sulfate as 
described under the “ Determination of Lead as Sulfate.” Wash the 
precipitate with dilute H2SO4 and transfer to a 250-ml flask as much as 
possible by making a hole in the filter and washing with a stream of hot 
water from a wash bottle. Dissolve the precipitate in a very little hot 
3 N NH4C2H8O2 (prepared by adding 3 N acetic acid to ZN ammonia 
until the solution is slightly acid). Moisten the filter with 3-5 ml 
of the hot ammonium acetate solution and then wash with a little hot 
water from a wash bottle. Catch the ammonium acetate and the hot 
water in the flask containing the bulk of the precipitate. Continue 
treating the filter paper alternately with small portions of hot ammonium 
acetate solution and hot water until finally the last washing will give no 
sign of yellow precipitate upon the addition of a few drops of 0.1 N 
K2Cr207 solution; if a precipitate of yellow PbCr04 is obtained, save it 
and add it to the main solution after it has been treated with K2Cr207. 
It should not be necessary to use more than 25 ml of the 3 N ammonium 
acetate solution. Finally heat the solution in the flask until all the 
PbS04 precipitate is dissolved. Dilute to about 150 ml and add to the 
boiling solution 0.1 iV K2Cr207 solution from a buret. Ten milliliters 
of the reagent should be sufficient to precipitate all the lead as yellow 
PbCr04 and leave the solution slightly orange in color after the precipi- 
tate has settled. Filter, wash the precipitate with hot water until the 
washings arc perfectly colorless, dry at 105-1 10” for an hour, and weigh 
as PbCr04. 

Carrj' out the same procedure wth a known quantity of lead salt to 
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find the empirical factor to be used in calculating the weight of Pb or PbO 
present. One gram of pure PbCrO* = 0.6411 g Pb or 0.6906 g PbO. 
In determining the empirical factor the same quantities of sulfuric acid, 
ammonium acetate, and potasrium dichromatc should be used as in the 
analysis itself. 

5. Electrolytic Determination of Lead as Peroxide (Pb02) 

Lead can be deposited as metal upon the cathode by the electrolysis of solutions 
containing the complex oxalate, the acetate, the hydroxide dissolved in caustic 
alkali, or the phosphate dissolved either in caustic alkali or in phosphoric acid, d 1.7. 
The deposit is easily oxidized, and there is always danger of some lead peroxide being 
formed on the anode. No method for the electrolytic determination of lead is as 
satisfactory as that depending upon the dejiositioii of all the lead, as PbOj, on the 
anode by the electrolysis of a nitric acid solution. The concentration of the nitric 
acid may be such that no copper will be deposited on the cathode, or more dilute 
nitric acid may be used and the copper determined simultaneously. 

The deposition takes place advantageously upon a sand-blasted platinum gauze 
anode though Classen preferred a platinum dish whose inner surface had been sand- 
blasted. Chloride, mercury, arsenic, tellurium, selenium, and manganese should be 
absent. 

Procedure. To 100-150 ml of solution containing not more than 
0.1 g lead as nitrate, add 10-15 ml of 15 N HNOj and electrolyze at room 
temperature with a current of 0.5 ampere or at 50-60® for an hour. If it 
is desired to let the electrolysis run over night, a current of 0.5 ampere is 
sufficient. To test for completeness of deposition, add water to provide 
fresh electrode surface and note whether any more deposit forms. 
Without interrupting the current, nuse the electrode, or lower the beaker 
containing the solution, and wash the anode promptly. Dry at 220® 
and weigh as PbOa. The PbOz di^olvcs easily in hot dilute nitric acid 
containing a little oxalic acid or hydrogen peroxide. After the deposi- 
tion of the lead, the electrolyte can be neutralized Trith ammonia and 
made acid with 2 ml of H2SO4, and any copper present deposited upon 
the cathode. 


Bismuth, Bi. At. Wt. 209.0 
Forms: BiP04, BiOCI, BUOa, BijSs, Bi 
1. Determination as Bismuth Phosphate, BiPOi 

It is generally agreed that the determination as phosphate is the 
most satisfactory method that has been proposed for determining 
bismuth.^ 


»L. Moser, Die Beslimmungsmeihoden dee "Wiafmuths, Stuttgart, 1909. W. R. 
SchoeUer and E. F. Waterhouse, Andlysl, 46, 435 (1920). 
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Treat the cold solution, containing no chloride and not more than 
0.5 g of Bi at a volume of not more than 100 ml, with strong ammonia 
until a slight permanent precipitate is obtained. Dissolve this in 2 ml of 
G N nitric acid. Heat to boiling, and to the boiling solution add, while 
stirring constantly, 10 per cent diammonium phosphate solution from a 
buret, using 20 ml for 0.05 g, 30 ml for 0.1 g, 40 ml for 0.2 g, and 60 ml 
for 0.4-0.5 g of Bi. When the required volume of phosphate has been 
added, dilute to 400 ml with boiling water and allow to stand 10-15 
minutes on a hot plate or water bath. Decant through a weighed Gooch 
crucible, and wash the precipitate with 3 per cent ammonium nitrate 
solution containing a few drops of nitric acid per liter. Drj', ignite 
gently inside another crucible, and weigh as BiPOi. 

Determination of Bismuth in Ores 

Digest 1 g of the powdered sample with 15 ml of concentrated hydrochloric ocid. 
Add concentrated nitric acid to dissolve any sulfide and evaporate nearly to drj'ncss. 
Add 10 ml of nitric acid and again evaporate. Take up the residue in 15 ml of 
strong hydroclJoric acid and dilute with water to about 50 ml. Filter off the sili- 
Clous residue and wash with normal hydrochloric ocid. 

If lead is present, add 1-2 g of fine iron wire and heat at the boiling temperature 
for 10-20 minutes. If load is absent omit this treatment and precipitate with hydro- 
gen sulfide at once. 

Filter off the metallic bismuth and excess iron, wash i\nth hot water, and return to 
the original beaker Dissolve in a little hot hydrochloric acid and a few drops of 
bromine. When all the bismuth has dis.solvcd, boil off the excess bromine and dilute 
until the solution is about 0 3 A' in hydrochloric acid. Saturate this solution with 
hj’drogcn sulfide, filter, and wash with verj’ dilute acid containing hydrogen sulfide. 
Return the sulfide precipitate to the beaker, and treat with hot 2 N sodium hydroxide 
and hydrogen sulfide, adding some fresh sodium cyanide solution if copper is present. 
Filter through the same filter, and wash with hot, dilute sodium sulfide solution. 
Spread the filter against the side of a beaker and rinse off the precipitate of bismuth 
sulfide. Clean the paper with hot 6Af nitnc acid and then discard it. Add more 
nitric acid to dissolve all the precipitate and evaporate the resulting bismuth nitrate 
solution until the sulfur has fu«cd to a transparent globule. Do not use bromine 
at lliLs stage or low results will be obtained. Filter off the sulfur through a small filter 
and precipitate the bismuth as phosphate by the procedure described obovc, 

2. Determination of Bismuth as Basic Chloride, BiOCl 

To the hydrochloric acid solution, which must not contain any pho';- 
phoric acid and preferably contain.*? no sulfuric acid, add ammonia until 
further addition will c.-iu-^c precipitation. Dilute with considerable 
water, stir, and allow the precipitate to settle. To the clear super- 
natant solution add more* water and repeat this treatment until further 
dilution causes no more* precipitation. If nitric acid w.'ts present in the 
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solution use dilute ammonium cUoride solution instead of pure water. 
Filter, wash with hot water, dry at 105°, and weigh.^ 

3. Determination as Bismuth Oxide, BijOs 

Solid bismuth nitrate or carbonate is readily changed to the oxide by gentle igni- 
tion. When bismuth, however, is present in sdutwn as the nitrate, it should be 
precipitated as the basic carbonate and this changed by ignition to the oxide. 

Procedure. .^Dilute the solution with water (if a turbidity appears it 
makes no difference) so that not more than 0.1 g of metal is present 
in 150 ml, add a slight excess of ammonium carbonate solution, heat to 
boiling, digest on the steam bath for 2 hours, and allow the precipitate 
to settle. Filter on paper and wash with hot water. 

If the precipitate is small, dissolve it in hot 3 N HNO 3 and evaporate 
the solution to dryness in a weighed crucible or dish. If the precipitate 
is large, dry the filter and its contents, transfer the greater part of the 
dried precipitate to a watch glass, and dissolve what remains on the 
filter paper as just described. After the evaporation to dryness, add 
the reserved precipitate. Heat gently at first and finally with the full 
heat of the Bunsen burner under good oxidizing conditions. Cool and 
weigh as BijOs. 


4. Colorimetric Determination 

Less than 0.5 mg Bi is best detected and determined by the yellow or amber color 
obtained by treatment with ICE in dilute nitnc acid. Copper, ferric iron, or anything 
that will react with potassium iodide to liberate iodme should be absent, and colored 
salts should not be present in quantities sufficient to color the solution Interference 
of lead can be prevented by filtering off the Pbl* that forms, although large quantities 
of this yellow precipitate are likely to carry down some bismuth 

Procedure. Transfer 26-30 ml of the solution to a Nessler tube, 
add 4 ml of 6 iV HNO 3 , 1 ml of saturated SO 2 solution, 6 ml of 30 per 
cent potassium iodide, and water to make 50 ml. To another Nessler 
tube add 40 ml of water, the same quantities of nitric acid, sulfur dioxide, 
and iodide, and sufficient standard bismuth solution to make the colors 
match. Prepare the standard solution by dissolving 1 g of bismuth in 
25 ml of hot, 6 N HNOs and diluting the solution to exactly 1 1, After 
the determination, add starch indicator solution to both tubes to make 
sure that the colors are not caused by free iodine; if iodine is present the 
starch wall be colored a deep blue. 

^ Hillebrand and Lundell recommend determining bismuth as BiOCI when less 
than 5 mg of Bi is present and the following method for more than 6 mg of Bi. Anti- 
mony and tin must bo absent in both methods. 
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6. Electrolytic Determination of Bismuth 

Brunck^ obtained accurate results in the electrolysis of solutions con- 
taining just enough nitric acid to prevent the formation of insoluble 
basic salt; the solution should not be more than 0.3 iV'iuHNOa. Brunck 
electrolyzed with platinum gauze electrodes connected directly to the 
poles of a 2-volt storage cell; before the electrolysis was started the 
solution was heated to boiling. Usually the metal deposited upon the 
cathode does not adhere well but is spongy even when the electrolyte is 
stirred. 

Copper, Cu. At. Wt. 63.67 
Forms: CuO, CujS, Cu, Cu 2 (CNS )2 
1. Determination as Copper Oxide, CuO 

The copper solution must be free from organic substances and am- 
monium salts. Heat it to boiling in a porcelain dish and add pure 
alkali hydroxide solution, drop by drop, until the precipitate becomes 
dark brown and is permanent, and the solution itself Shan's an alkaline 
reaction toward litmus paper. After the precipitate has settled, care- 
fully pour off the upper liquid through a filter and wash the precipitate 
by decantation with hot water until the wash water no longer shows an 
alkaline reaction. Transfer the precipitate to the filter and continue 
washing with hot water. Usually a small amount of copper oxide 
adheres to the porcelain dish so firmly that it can be removed only by 
vigorous rubbing with a glass rod covered at the end with a piece of 
rubber tubing, and finally when the precipitate is removed from the dish 
some will then remain on the rubber. Consequently it is better to 
proceed as follows: Remove as much of the precipitate as possible by a 
stream of water from the wash bottle, then add 2 drops of C iV acid, and, 
by inclining the dish and rubbing with the glass rod, moisten with the 
acid all the precipitate remaining on the dish. Two drops of the acid 
arc sufficient, vith correct manipulation, to dissolve all the copper oxide. 
Prepare a small fresh filter, and holding the dish in an inclined position, 
so that tlic liquid remains near its lip, wash the sides once with hot water 
and heat tlie contents of the dish (which is continually maintained in 
this inclined position) to boiling over a small flame; add dilute potassium 
hydroxide solution drop by drop until the copper is again precipitated. 
Avoid a large excess of alkali hydroxide on account of its solvent action 
upon the procipitate.2 Quickly pour the contents of the dish through the 

‘0. Bnmck, Ber., 36, 1871 (1912). 

*Cf.Vol. I. 
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small filter and immediately wash the dish once with water. All the 
copper oxide is now on the filter. Wash the precipitate with hot water, 
dry both filters, and transfer most of the precipitate to a porcelain cruci- 
ble. Ignite the filters in a platinum spinil, and add the ash to the con- 
tents of the crucible. Cover the crucible, ignite at first gently, and 
finally with the full heat of the Bunsen burner; weigh as CuO. If the 
process is carried out carefully, the results obtained are good but as a 
rule they are a trifle high. 

Remark. According to A. Bayer,* copper can be determined in the presence of 
all other metals of the hydrogen sulfide group in the following manner: Add caustic 
soda solution to the copper solution until all the copper is precipitated as hydroxide 
and then add enough Rochelle salt (sodium potassium tartrate) to dissolve the 
precipitate. Heat to boiling in a porcelain dish, and to the boiling solution add 2 mi 
o£ 5 per cent bydroxylamine hydrochlaride. By boiling I minute all the copper 
(not more than 0.2 g should be present) is precipitated as cuprous oxide. 
yO-CH-COiNa 

4CuC + 2NHjOH + H,0 2Cu»0 + 4 KNaC,H 40 , + NjO 

\0 CH-COjK 

Filter off the cuprous oxide into a Gooch crucible, wash with hot water, dry, ignite 
in the air, and weigli as CuO. 

Usually it is better to precipitate the copper as sulfide, and if the sulfide Is heated In 
the air it is changed to CuO although the older chemists preferred weigh it as CuiS 
after heating with sulfur m an atmosphere of hydrogen (sec next method). 

Procedure. Adjust the acidity of the Bolution so that it is about. 
0.3 N in HCl or HjSO*. Heat to boiling, and pass into it a stream of 
HaS as the solution is allowed to cool. When cold, stop the flow of the 
gas, .allow the precipitate to settle, and filter through a paper filter. 
During the filtration, keep the filter well filled with liquid without, of 
course, letting it rise above the top of the tightly fitting ashless filter. 
Wash the CuS precipitate with 4 per cent acetic acid solution which has 
been saturated with H 2 S. Finally drain as completely as possible, 
place paper and precipitate in a weighed porcelain crucible, dry over a 
small flame, and char the paper without letting it take fire. Then bum 
off the carbon and raise the temperature to the full heat of the burner 
while keeping the crucible on its side and with the flame not covering 
the mouth of the crucible. Cool in a desiccator and weigh as CuO. 
Repeat the heating and weighing until a constant weight is obtained. 

The reason why it is necessary to keep the funnel filled with liquid during the 
filtration and washing of the cupric sulfide is this: If moist copper sidfide is exposed 
to the air it is quickly oxidized and the hydrogen sulfide wash water acts upon the 
salt formed by the oxidation (CuSsOj’CuSOO, and transforms it into colloidal cupric 
sulfide, which passes through the filter, and on coming in contact with the acid fil- 


* Z. anal. Chem., 1912, 729. 
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trate is coagulated. If, however, the precipitate is not exposed to the air during 
the filtration there is no oxidation and the filtrate remains clear. 

2. Determination as Cuprous Sulfide, CuzS 

Procedure. Precipitate the copper with H 2 S as just described. 
Dry it by heating in the drying closet at 96-100® for at least an hour. 

Transfer as much of the precipitate as possible to a weighed Rose 
crucible (of unglazcd porcelain*), bum the filter in a platinum spiral, 
and allow the ash to fall at first upon an unglazed crucible cover, where 
it should be heated gently till it glows, in order to make sure that it con- 
tains no unburned carbonaceous 
matter. Then add the ash to the 
main portion of the precipitate in 
the crucible. Also add a little sulfur 
that has been recrj'stallized from 
carbon bisulfide. Place the perfor- 
ated cover on the crucible (Fig. 23), 
pass a stream of hydrogen through 
it (the wash bottle shown contains 
concentrated sulfuric acid*), and 
heat the crucible at first over a 
small flame and finally so that the 
bottom of the crucible glows faintly. 

At this temperature the cupric sul- 
fide is changed to cuprous sulfide, 

2CuS = CuaS 4- S. 

Too strong heating is inadvisable, 
according to Ilampc.* 

the excess of sulfur has been driven off (which can be readily 
a'jccrtaincd by removing the cover of the cnicible and finding no blue 
flame and no odor of burning sulfur), incrca.'jc the current of hydrogen 
so tliat eight bubbles per second pass through the wasli bottle (at first, 
not more than four lnibl)le.s per second should have been the rate), and 
remove the flame. Allow the cniciblc to cool in tlic current of Iij'drogen 
and weigh after it has remained in the desiccator for 15 minutes. The 
cuprous sulfide should be brownish black or black, and sliould show no 

> A qtnrtz crufihle h more desirable, as the transformation of CuS into Cu,S 
cm then lx> ^\.atche<l. 

* If tlie Jiydrogen Is prepamt from zinc and hytirodilonc acid, the gas should be 
pxeyo,! first through water and then through a wash bottle containing concentrated 
sulfuric and. 

omI C/c«., 3S. •IW(lSOl). 
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reddish brown stains (due to Cu orCuaO); this is the case if the current 
of hydrogen was too slow during the cooling. To remedy this defect, 
add a little sulfur to the precipitate and repeat the heating in hydrogen. 

Remark. It is evident that the sulfur used for this experiment should leave on 
ignition no weighable residue. This is why the sulfur used should bo recrystallired 
from carbon bisulfide. 

3. BetennmatSon as Cuprous Thiotyanate, CuslCNS)* 

Method of Rivot* 

The solution should bo slightly acid udth sulfuric or hydrochloric acid 
and contain 0.2 g or less of copper in 100 ml. Oxidizing agents must 
be absent. To the solution add an excess of sulfurous acid,' and nor- 
mal ammonium thiocyanate solution, drop by drop with constant stir- 
ring, whereby at first a greenish mixture of cupric and cuprous salts is 
precipitated, which after stirring becomes pure white cuprous thio- 
cyanate. Allow the precipitate to settle completely (this requires 
several hours). Then filter through a weighed filtering cruciblo and 
wash with cold water xmtil the filtrate shows only a sh'ght reddish colora- 
tion when ferric chloride is added. Finally wash several times with 20 
per cent alcohol, dry at 110-120®, and weigh as Cu 2 (SCN)j. The 
cuprous thiocyanate can be dried at a temperature as high as 160®, 
but at 180® it begins to decompose. The precipitate permits rapid 
filtration, and a turbid filtrate is never obtained. After the determina- 
tion is finished, the greater part of the precipitate can be shaken out of 
the crucible, and the remainder dissolved in hot nitric acid. 

4. Electrolytic Determination of Copper 

This most accurate and most convenient of all methods for the determination of 
copper was first proposed by W. Gibbs in 1864.* Copper may be deposited by means 
of the electric current from acid, alkaline, and neutral solutions, but for analytical 
purposes an acid solution is commonly used. 

Probably no other element is delemuncd so frequently by electrolysis and good 
deposits can be obtained under widdy different conditions, "nie elements arsenic, 
antimony, tin, molybdenum, gold, the platinum metals, silver, mercury, bismuth, 
selenium, and tellurium should all be absent If lead is present the electrolysis should 
take place in tbe presence of nitric acid; if considerable nitric acid is present the lead 
is deproited first on tbe anode, and later, after the solution has been somewhat 

* Compt rend., 38, S6S; see also R. G. van Name, Z. anorg. Chem., 26, 230, and 
Basse, Z. atwd. Chem., 17, 53, and 30, 122. 

* Instead of sulfurous acid, araroonium bisulfite may be used, prepared by eaturat- 
Ing aqueous ammonia with SOj. 

*2. anal. Chfm., 3, 334 (1864). 
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neutralized or diluted, the copper comes down on the cathode. In diltite nitric 
acid, the two elements are deposited simultaneously. WTien copper alone is desired, 
the best deposits are obtained when the electrolyte contains both nitric and sulfuric 
acids. 

Procedure. To 100-125 ml of solution containing up to 1.0 g of copper 
in a 150-ml beaker add 2 ml of concentrated sulfuric acid and 1 ml of 
concentrated nitric acid. Add about 1 g of urea, or more if necessary, 
to react with any nitrous acid present: 

2HNO2 + COCNHj)* = 2 Nj + CO2 + SHsO 

Add the urea until it causes no further evolution of gas. Use preferably 
cylindrical gauze electrodes with the cathode surrounding the smaller 
anode and at least 5 mm away from it. The cathode should reach to the 
bottom of the beaker, but it should not be entirely immersed in the 
electrolyte. Electrolyze with a current of 1.8-2.0 amperes with the 
anode rotated during the electrolysis; all the copper should deposit in 
less than an hour. With an unstirred electrolyte, use a current of 0.2 
ampere and continue the electrolysis over night. To make sure that 
the electrolysis is finished, add a little water, so that a fresh surface of 
the cathode is wet by the solution, and note whether any fresh deposit of 
copper is formed. Tlicn, without turning off tlic current, raise the 
electrodes, or lower tlic beaker, while washing the electrodes with a 
stream of water from a wash bottle. To make sure that all acid is* 
removed, immerse the electrodes in water and then in alcohol. Dry for 
a minute or two at 105® and weigh. It is easy to tell by watching the 
electrode when all the alcohol has evaporated. After the electrolysis 
make tlic solution ammoniacal and look for a blue coloration. If there 
is any sign of blue color, and nickel is absent, make the solution slightly’ 
arid with sulfuric acid and electrolyze a little longer with a clean cathode. 

The weuhs phoulit be T\ilhm 0 1 per cent of the truth. If nichel is present, test 
for residual copper liy means of water saturated witli IIjS If a slight darkening is 
obtained in this tr.st, tlie quantity of copper can usually be eslirmted colorimetrically 
or tlie CuS precipitate c.an lie filtered off, ignited in a porcelain crucible, the a.sli 
ih'wlvisl In a hull* IINOj, anil the resulting solution clectrolyzcil with a clean cath- 
ode. Dunng the elcctrobuLs, do not stir the solution fast enough to cau.se spattering. 
It w ^ell to wash down the sides of the beaker townnl the Last. The use of a clean 
catlimle li recomnicndetl for determining the Kst iwrtioiw of copper when the original 
deprMition IMW incomplete, becaase it is then ca-sy to tell whether more copper is 
licmg dcjW'itod. 
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CADMIUM, Cd. At. Wt 112.4 
Forms: Cd, CdSO^, CdO and Cd 2 p 207 
1. Electrolytic Deteimination of Cadmium 

Of all the methods for the determination of cadmium the electrolytic 
method is not only the most convenient, but by far the most accurate, 
and of the many methods proposed that of Beilstein and Jawein^ can 
be recommended. To the solution of the sulfate, add a drop of phe- 
nolphthalein indicator solution, and then pure sodium hydroxide solu- 
tion until a permanent red color is obtained. Now add 10 per cent 
pure potassium cyanide solution with constant stirring, until the pre- 
cipitate of cadmium hydroxide produced by the caustic soda has com- 
pletely dissolved; an excess of potassium cyanide should be scrupulously 
avoided. Dilute the solution with water to 100-150 ml and electrolyze 
in the cold, using a gauze cathode. From 5 to 6 hours are required with a 
current of 0.5-0.7 ampere and an electromotive force of 4.8-5 volts; at 
the end of this time increase the current to 1-1 .2 amperes and electrolyze 
the solution for 1 hour more. If these directions are followed, all the 
cadmium (if not more than 0.5 g is present) will be deposited as a firmly 
adhering, dull deposit of nearly silver-white metal. Stop the current, 
quickly remove the solution, and wash the deposited metal first with 
water, then with alcohol, and finally with ether. Dry in the usual way 
and weigh. 

After the electrolysis is finished, the solution should always be tested 
for cadmium. For this purpose, saturate it with hydrogen sulfide. 
If much cadnuum is present, a yellow precipitate is obtained, but if 
very little, a yellow coloration results. This color, due to the for- 
mation of colloidal cadmium sulfide, is so intense that R. Philipp esti- 
mates the quantity of cadmium not precipitated by comparing the 
shade with that produced in a solution containing a known quantity of 
cadmium and the same amounts of potassium cyanide and caustic 
potash as in the solution tested. 

Remark. If for the electrolysis a current of only 0 5 ampere is used, not all the 
cadmium will be deposited at the end of 12 hours; if the current is increased at the 
end to 1 ampere, however, the dectrolysis niil surely be finished in 6 or 7 hours. 
To work with the stronger current from the beginning is not to be recommended 
unless a gauze cathode is used, or one of the electrodes is rotated, for otherwise the 
metal is deposited in a spongy form and on washing some of it is likely to be lost. 

From neutral and weakly acid solutions, cadmium can be deposited electrolytically, 
but not from strongly acid solutions. 


‘Rcr., 12, 446, 
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2. Determination as Cadmium Sulfate, CdS 04 

Next to the electrolytic method, the determination of cadmium as 
sulfate is the best. If the cadmium is combined with a volatile acid, 
treat the compound in a weighed porcelain crucible with a slight excess 
of dilute sulfuric acid, evaporate the solution on the water bath as far as 
possible, and finally remove the excess of sulfuric acid by heating in an 
air bath (see p. 31). Apply the heat at first slowly, and raise the 
temperature gradually until finally no more fumes of sulfuric acid are 
evolved. The outer crucible can even be heated with the full flame of a 
Teclu burner without running any risk of decomposing the cadmium 
sulfate; however, it is not necessary to heat it so strongly. As soon as 
the fumes of sulfuric acid cease to come off, stop heating and weigh the 
crucible and its contents after cooling in a desiccator. The cadmium 
sulfate should be pure white and should dissolve in water to form an 
absolutely clear solution. 

If the cadmium has been precipitated from a solution as the sulfide, 
place tho greater part of the precipitate in a large porcelain crucible, 
cover vdth a watch glass, and treat with 3 N hydrochloric acid on the 
water bath. After the precipitate has dissolved and the evolution of 
hydrogen sulfide has ceased, wash the lower side of the watch glass, 
place the crucible under the funnel, and dissolve the precipitate which 
adhered to the filter paper by dropping hot, 3 N hydrochloric acid upon 
it. Finally wash the filler with hot water and evaporate the solution 
upon the water bath, continuing as described above. 

3. Determination as Cadmium Oxide, CdO 

Cadmium carbonate and cadmium nitrate can be changed to the 
oxide by strong ignition. 

To the dilute, boiling cadmium solution add a slight excess of potas- 
sium carbonate, and when the precipitate has completely settled after 
standing for some time on the water bath, filter it off, wash with hot 
water, and dry. Transfer as much of the dried precipitate as possible 
to a watch glass and set aside for the time being. Wash the filter with 
hot 2 N nitric acid to dissolve the precipitate wliich still adheres to it, 
and receive the solution in a weighed porcelain crucible. Evaporate 
to drjmess, add the main portion of the precipitate, and lieat the cru- 
cible at first verj' gently until the whole mass has become a uniform 
bro^^■n. Now gradually raise the temperature until finally the full 
heat of the burner is reached. It is important during this operation to 
take care that the inner flame mantle docs not touch the crucible for 
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otherwise reducing gases may enter and reduce a part of the oxide 
to metallic cadmium, which is volatile at this temperature.' The 
cadmium oxide is obtained as a brown powder which is infusible, 
insoluble in water, but readily soluble in dilute acids.^ 

Remark. It is not advisable to precipitate the cadmium by means of sodium car- 
bonate solution, for then it would be difiScult to wash the precipitate free from alkali. 

4. Determination of Cadmium as Cadmium Pyrophosphate 

The cadmium solution used for this method of analysis should not 
contain ammonium salt other than the reagent and should be faintly 
acid. If considerable acid is present, neutralize with sodium carbonato 
solution. 

To the cold, faintly acid solution containing not over 0.2 g of cad- 
mium in 100 ml, add a concentrated aqueous solution of (NH 4 ) 2 HP 04 
until the weight of added salt is 10-15 times as great as that of the cad- 
mium present. Allow to stand for 12 hours to permit the amorphous 
precipitate to become crystalline. Filter through a filtering crucible; 
wash with cold 1 per cent ammomum phosphate solution end finally 
with 60 per cent alcohol. Heat in an electric oven at 800-900® and 
weigh as CdjPjO?. 

SEPARATION OF THE STJLFO BASES FROM THE METALS OF 
THE SUBSEQUENT GROUPS ' 

Hydrogen sulfide added to a solution which is 0.3 N in acid precipi- 
tates only the metals of the “ hydrogen sulfide group.” It is to be 
noted that zinc precipitates with this group if the solution is not acid 
enough, while if the solution is too acid, lead and cadmium are often 
incompletely precipitated. The following analyses show how the pre- 
cipitation as sulfide can often be avoided. 

ExAMPnn 

Analysis of Brass (Alloy of Copper and Zinc Sometimes Containing 
Small Amounts of Tin, Lead, lion, and Nickel) 

Weigh out 0.4-0.6 g of the alloy into a 200-ml casserole^ and dissolve 
in 20 ml of 6 N nitric acid. Cover the casserole with a watch glass to 

^ If the cadmium carbonate is filtered into a Munroe crucible, and ignited in an elec- 
tric oven, the transformation takes place readily without danger of any volatilisation. 
* The oxide after ignition is a black, crystalline powder. 

‘Miller and Page, Z. anorg. Chem., 28, 233 (1901). 

‘ The bonnga are often somewhat oily. They should then bo washed with ether 
and dried before weighing. 
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prevent loss by spattering. After the reaction begins to slacken, 
heat on the water bath until all the metal is dissolved. Evaporate the 
solution just to dryness, moisten the residue with a little nitric acid, 
dissolve in about 50 ml of hot water, and if any metastannic acid settles 
out on standing filter it off, wash with hot water, dry, and determine the 
tin according to p. 94. To the cold filtrate add 3 ml of pure, concen- 
trated sulfuric acid, evaporate the solution on the water bath as far as 
possible, and then heat cautiously over a free flame until dense white 
fumes of sulfuric acid are evolved. Cool, treat the residue with 50 ml 
of water and 15 ml of alcohol, stir well, filter, wash, and determine the 
lead sulfate according to p. 59. Evaporate the filtrate until the alco- 
hol is completely removed, dilute with 100 ml of water, heat the solu- 
tion to boiling, and conduct hydrogen sulfide into it until it becomes 
cold. Then filter off the copper sulfide, wash first with hydrogen sulfide 
water containing, in every 100 ml, 20 ml of 2 sulfuric acid, and at the 
end with 5 per cent acetic acid, also saturated with hydrogen sulfide, 
until the filtrate pves no precipitate on being treated with barium 
chloride. Heat the filter paper and CuS precipitate in a porcelain 
crucible until all the paper is consumed and the sulfide oxidized to CuO. 
Dissolve this in a little 6 N HNO 3 , dilute, and electrolyze the resulting 
solution (p. 69). 

Evaporate the filtrate from the copper sulfide to a small volume in 
order to remove the excess of hydrogen sulfide, oxidize the iron by the 
addition of bromine water, precipitate by ammonia, and filter. To 
make sure that the precipitate of ferric hydroxide contains no zinc, 
redissolve it in a little hydrochloric acid and repeat the precipitation 
with ammonia. Filter, wash, ignite, and weigh as ferric oxide (cf . p. 152) . 

Make the combined filtrates from the ferric hydroxide acid with a 
little sulfuric acid, heat to about 50'’C, and determine the zinc as 
zinc sulfide according to the “ salting-out ” method described on p. 216. 
For the determination of nickel, boil the filtrate from the zinc sulfide 
to expel the hydrogen sulfide and precipitate the nickel as the salt of 
dimethylglyoxime according to p. 193. 


Determination of Copper, Lead, and Zinc in Brass 


The best brass alloys contain very’ little tin, lead, iron, or nickel. In commercial 
laboratories, often the copper and lead contents are determined clcctrolytically and 
the zme IS determined by diference, that is, by subtracting the percentages of Conner 
and lead from 100 per cent. 


Tlic following method of analysis, however, provides for the determination 
copper, lead, tin, iron, and zinc and is capable of giving accurate results. 


of 
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Weigh 0.9-1.0 g of the alloy into a slender beaker of about 150-ml 
capacity. Add 12 to 15 ml of 6 AT nitric acid, cover the beaker, and heat 
gently till all the brass is dissolved. If a clear solution is obtained, no 
tin is present, and the solution after dilution is ready for electrolysis. 


/ 



Pro. 24. 


If a white precipitate of metastannic acid forms, evaporate the solution just to 
dryness but do not bake the residue. Add 2 ml of 6 N nitric acid, dilute with 25 ml 
of water, and boil gently to dissolve the nitrates of copper and zinc. ITlter off the 
metastannic acid, wash it with hot water, ignite in a porcelain crucible, and weigh as 
SnO,. 

Dilute the clear solution of the nitrates to 100 ml and boil gently for 
1 minute to remove any nitrous oxides. Wash down the sides of the 
beaker and the cover glass, allow to cool a little, and then cautiously add 
small portions of solid urea until there is no more evolution of gas; 
2 HNO 2 + COCNHs)* = 3H:0 + CO 2 + N, 

Attach the weighed gauze electrodes to the binding posts of the elec- 
trolytic apparatus, put the beaker in place. Make sure that the cathode 
reaches to the bottom of the beaker and that the anode can rotate freely 
inside the cathode. Turn on the stirrer and turn the switch with the 
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rheostat adjusted togiveacuiTentofl.8-2.0 amperes. After the solution 
has become colorless, continue the electrolysis 10 minutes longer. The 
electrolysis ought not to require more than 45 minutes at the most. 

Wash the electrodes wlule lowering the beaker and while the current 
is still flowing. Dip them in alcohol and dry a very short time in the hot 
closet at 105®. The deposit on the cathode is pure copper, and that on 
the anode is lead dioxide, PbOj. 

To make sure that all the copper has been deposited, add a slight 
excess of ammonia to the entire solution- If a blue color is noticeable, ‘ 
make acid with dilute sulfuric acid and electrolyze with clean electrodes 
until all the copper is removed. 

The electrolysis can take place without stirring. In this case use 0.15 
ampere of current and electrolyze over night. 

Test for Iron and Aluminum 

To the electrolyzed solution add a little bromine water, to make sure 
that any iron is in the ferric condition, and enough ammonia to dissolve 
the zinc hydroxide precipitate that may form at the neutral point. If 
any precipitate of ferric or aluminum hydro.xide forms, filter it off. To 
make sure that no zinc hydroxide is in the precipitate, redissolve the 
precipitate in a little hot 2 AT hydrochloric acid, dilute to 50 ml, and 
precipitate again by adding ammonia. Ignite and weigh the precipitate 
as FejOa. If there is any likelihood of aluminum being present, examine 
the ignited ojddes as described on p. 169. 

Determination of Zinc 

Procedure. To the cold acid solution of the zinc salt add ammonium 
hydroxide until the solution is barely acid to methyl orange. Care is 
necessary at this point, as rinc ammonium phosphate is soluble both in 
acids and in ammonia. Sometimes nitrous acid which is present decom- 
poses the indicator and makes it difficult to tell the methyl orange color 
change. Make sure that the neutralized solution has no appreciable 
odor of ammonia, after blowing away the fumes. Dilute wth water if 
necessary, to a volume of 150 ml, and heat on the water bath. To the 
hot solution add 3 g of (NHAzHPO, dissolved in a little water. The 
precipitate that first forms is amorphous and does not settle out but it 
soon changes to finely crj’stalline ZnNH 4 p 04 which settles w^ and 
leaves a clear supernatant liquid. The transformation takes place more 

» A pale blue color may indicate the presence of nickel but usually is caused in 
brass analysis by a little copper which has escaped deposition 
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rapidly in proportion to the quantity of ammonium salt present. After 
the heating has continued for about 15 minutes, remove the dish from 
the water bath, and when the precipitate has settled for a short time 
filter off the precipitate into a weighed filtering crucible, wash 6 times 
with hot 1 per cent ammonium phosphate solution, then twice with cold 
water, and finally vdth 50 per cent alcohol. Dry at 100-135® for an 
hour and wdgh as ZhNH 4 P 04 , which contains 36.64 per cent Zn. The 
precipitate can be washed and dried with alcohol and ether if desired 
(cf. p. 83). 

The precipitate can also be weighed as the pyrophosphate, ZnjPzOr, 
in which case it is desirable to heat the dried zinc ammonium phosphate 
very slowly in an electric oven to 000-1000®. If such an oven is not 
at hand place the filtering crucible in. a larger crucible and heat over 
the gas flame. Gradually raise the temperature until finally the full 
heat of the Teclu or M6ker burner is reached. Heat to constant weight 
after cooling in a desiccator. Before using the filtering crucible, it 
must be heated, cooled, and weighed in the same way. ZnaPsO; contains 
42.90 per cent Zn. 

Test the filtrate from the ZnNH 4 P 04 precipitate with ammonia and 
ammonium sulfide. If a small precipitate of white zinc sulfide is formed, 
filter it off, using an ashless paper filter, ignite in a porcelain crucible, 
and weigh as ZnO. No sulfide precipitate will be formed if the above 
conditions have been followed carefully. 

Titrimetric Determination of Lead in Brass 

Dissolve 5 g of brass in 50 ml of 6 HNOj. (If an appreciable quantity of 
metastannic acid separates and gives a turbid solution, remove it as directed on 
p. 74.) To the solution add 15 ml of 18 AT HiSO, and evaporate on the hot plate, 
without boiling, until fumes of HjSO* are evolved. Allow to cool, carefully wash 
down the sides of the beaker, and again evaporate to fumes Do not cover the 
beaker tightly during the evaporation because, if water condenses on the bottom of 
the watch glass and later drops into the hot acid, there will be spattering. After all 
nitric acid has been expelled by this double evaporation, cool, add 100 ml of water, 
mix well, add 30 ml of alcohol, and allow to stand at least 1 hour. Filter through 
a paper filter and wash the precipitate of PbSO* with 0.7 per cent ammonium sulfate 
solution or with 1.8 N HiSO*. 

With the aid of the wash bottle, transfer as much of the precipitate as possible to 
a 300-ml beaker, replace the funnel, and, with the 30O-ml beaker under it, dissolve 
the PbS 04 on the filter in not more than 25 ml of hot 3 N ammonium acetate solution 
as follows: Pour about 5 ml of hot acetate solution upon the upper part of the filter 
and wash with about 10 ml of hot water from the wash bottle. Repeat this treat- 
ment three times. Then treat with another portion of ammonium acetate solution 
and test the filtrate that now runs through the filter with a few drops of KjCrO* 
solution. If a precipitate forms, save it and continue the treatment with ammonium 
acetate solution and hot water until a negative test is obtained. 
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Make the ammonitun acetate soluticm add with about 2 ml of 6 iV acetic acid, heat 
to boiling, and add 5 ml of 5 per cent KjCrtOr solution. Boil gently for 5 minutes, 
filter, and wash 10 times with hot water. The last washings should show no yellow 
color. Place a clean beaker under the funnel and dissolve the PbCrO^ in 12-15 ml of 
cold 6 N HCI added in small portions and with intermediate washing with water. The 
acid must be cold to avoid reducing some of the chromic acid to chromic salt. All 
yellow color must be removed from the filter, but it does no harm if some white 
PbCL remains Continue washing until about 100 ml of filtrate has been collected. 
Add to the solution 2 g of KI, and Utrate the liberated iodine with standardized 
NajSjOj solution. One milliliter of 0 1 JV Na*S*Oi = 0 006907 g Pb. 

Determination of Copper in Iron and Steel 

Dissolve 10 g of sample in 200 ml of 3.6 N sulfuric acid and when 
the metal is dissolved dilute to at least 500 ml with water. Heat 
to boiling and saturate with hydrogen sulfide. Filter on paper or paper 
pulp and wash a few times with a 1 per cent sulfuric acid solution sat- 
urated with hydrogen sulfide. Ignite the residue and paper in a por- 
celain crucible and fuse with 2 to 4 g of alkali pyrosulfate. Dissolve 
the cooled melt in the crucible in 25 ml of 1.2 N hydrochloric acid and 
a few milliliters of water, neutralize with 5 per cent sodium hydroxide, 
and add 0.3 ml in excess. Boil for 3 minutes; digest for 30 minutes, 
filter and wash with cold 0.2 N NaOH solution. Reserve the filtrate 
for the determination of molybdenum. 

Dissolve the precipitate in 15-25 ml of hot 4 N HNOa and wash the 
filter paper with hot water. Add 5 ml of concentrated sulfuric acid, 
evaporate to fumes of sulfuric acid, cool, dilute to 40 ml, and add 10 ml 
of 15 N ammonium hydroxide. This serves to precipitate any iron, 
chromium, aluminum, etc., and leaves the copper in solution as blue 
copper-ammonia complex. If there is more than 4 mg of precipitate, 
dissolve it in 10 to 25 ml of hot 4 N HNOs and repeat the treatment with 
ammonia. Filter and combine the two anunoniacal filtrates. The 
further treatment depends on whether the copper is to be deterimned (a) 
by electrolysis or (6) as oxide. 

(а) Transfer the anunoniacal solution to a 150-ml beaker; neutralize 
with 6 N HjS 04 and add 10 ml in excess. Also add 1 g of NH^NOs, 
dilute to 100 ml, and electrolyze with a current of about 0.5 ampere, 
preferably with stirring. Continue the electrolysis until a few drops of 
the clectroljdo give no darkening with a little H2S water. Remove and 
weigh the electrodes as described on p. 69, 

(б) Neutralize the ammoniacal filtrates with 6 N H2SO4 and add 5 ml 
in excess. Heat to boiling, and saturate with H-S as the solution cools. 
Digest for about 15 minutes, filter, wash, ignite, and weigh as CuO as 
described on p. 66. 
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Remark. If the steel contains tungsten, tungstic acid will separate out from the 
original solution and will carry some copper down with it. With tungsten steels the 
following procedure should be used. 

Dissolve 10 g of steel in 100 ml of 6 iV HCl. To the solution add 25 ml 
of 6 W HNOj and boil until the separated tungstic acid, HjWOj, is yellow. Dilute 
to 150 ml with boiling water. After a few minutes filter and wash the residue with 
1.2 N HCl. Examine both filtrate and precipitate for copper. 

Dissolve the precipitate in hot N NaOH solution. To the solution add 5 g of 
tartaric acid and sufficient 6 iV HtSOi to make the solution about 0.3 N in free 
HjSO*. Heat the solution and precipitate with HjS as described above. 

To the filtrate from the first filtration, add 10 ml of concentrated HiSOi and 
evaporate until fumes of SO| are evolved. Cool, heat to boiling, and filter if neces- 
sary, finally washing with 2 N H1SO4. To the solution add tartaric and sulfuric 
acids as above and precipitate the copper with HiS. 

Analyze the combined CuS precipitates os described for steels containing no 
tungsten. 


SEPARATION OP THE SULPO BASES PROM ONE ANOTHER 

1. Separation of Mercury from Lead, Bismuth, Copper, 
and Cadmium 

Method of Gerhard v. Rath 

Principle. This separation is based upon the insolubility of mercuric sulfide 
in boding 6 AT nitric acid and the solubility of the remaining sulfides in this acid. 

Procedure. The solution must contain the mercury entirely in the 
mercuric form and should be 0.3 iV in hydrochloric or sulfuric acid. 
Into the hot, fairly dilute solution introduce hydrogen sulfide in excess. 
Filter off the precipitate, wash it with hydrogen sulfide water, transfer to 
a porcelain dish, and boil for a considerable length of time with 6 N 
nitric acid. Then dilute with a little water and wash with water con- 
taining nitric acid. The residue of mercuric sulfide thus obtained always 
contains sulfur, and if considerable lead was present it may also con- 
tain lead sulfate. Dissolve it, therefore, in a little aqua regia, dilate 
with water, filter from the separated sulfur and lead sulfate, and pre- 
cipitate the mercury with ammonium sulfide (cf. p. 54) according to 
the method of Volhard. If some of the lead sulfate should go into 
solution with the mercury on treating with aqua regia, it w’ill be con- 
verted by the ammonium sulfide and potassium hydrojdde into insol- 
uble lead sulfide, while the mercury will be in the form of its soluble 
sulfo salt. In this event filter off the lead sulfide, wash w'ith dilute 
potassium hydroxide solution, and precipitate the mercury as sulfide? 
as described on p. 54. 
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2. Separation of Bismuth from Lead 
(a) Method of Lowe'- 

Principle. Bismuth nitrate is changed by the action of water into an insoluble 
asic salt, but lead nitrate undergoes no such transformation. 

Procedure. Evaporate the nitric acid solution of these two metals 
n the water bath until it reaches a sinipy consistency. Add water, 
nd after thorough stirring with a glass rod repeat the evaporation 
,nd continue this treatment until the addition of the water fails to pro- 
luce any further turbidity, a sign that the bismuth has been com- 
iletely converted into the basic salt BijOiNOsOH. Add 100 ml of a 
old 2 per cent ammonium nitrate solution, and after standing some time, 
rith frequent stirring to make sure that the lead nitrate is completely 
lissolved, filter the solution. Wash the precipitate with the dilute 
mmonium nitrate solution and dry. Transfer as much of it as possible 
0 a weighed porcelain crucible, bum the filter and add the ash to the 
rucible, and ignite to a constant weight of BijOs. 

From the filtrate precipitate the lead as sulfate, according to p. 68, 
md weigh as such. 


(6) Method of Ledoux^ 

To 100 ml of the dilute nitric acid solution, add 6 N NH4OH drop- 
vise from a buret until a faint opalescence appears. Then add 1 cc of 
1 N HCl, dilute to 300 ml, and heat just to boiling. Allow to stand on 
he steam bath for 2 hours or in a warm place over night. Filter off the 
precipitate of BiOCl, and possibly SbOCI and a little PbCh, and wash the 
precipitate twice with boiling water. Dissolve it in a little 3 N HCl, 
and to the solution add an amount of water about 30 times as large 
as the amount of the acid used. If a precipitate appears on dilution, 
pay no attention to it. Saturate with hydrogen sulfide and filter off 
the BisSs precipitate, which may contain SbjSs and a little PbS. Wash 
this precipitate once with w’atcr, twice with hot, diluted ammonium 
sulfide reagent to remove antimony, and then with more water. Dis- 
solve the precipitate in a little hot 3 N HNOj, washing the filter paper 
with this acid and finally with hot water. Dilute and reprecipitate 

pralf. CAcm., 74, 345 (185S). Cf. Little and Cahen, 35, 30I. 

*A II. Ix3w, Technical McthcxU of Ore Analyna, Hillebrand-Lundcll, Apriied 
Inorganic Analysis 
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the BiOCl exactly as described above. Dry at 100®, and weigh 
as BiOCl. 


3. Separation of Bismuth from Copper 

To the dilute solution add an excess of ammonium .carbonate solution, 
heat gently, and filter. The precipitate of basic bismuth carbonate 
almost always contains small quantities of copper; redissolve it in 
nitric acid and repeat the separation by means of ammonium carbonate. 
Fuse the basic bismuth salt with potassium cyanide, leach with hot 
water and treat the residual bismuth according to p. 63. 

For the copper determination, combine the two filtrates, evaporate 
to remove the excess of ammonium carbonate, make acid mth sulfuric 
acid, and precipitate the copper by means of hydrogen sulfide. Weigh 
the copper as cuprous sulfide according to p. 67, or electrolyze the sul- 
furic acid solution as described on p. 69. 

According to Fresenius and Haidlin, bismuth can be separated from 
copper very satisfactorily by means of potassium cyanide. For this pur- 
pose, treat the acid solution with a slight excess of sodium carbonate, add 
potassium cyanide, heat the solution, and filter. All the copper is 
found in the filtrate, while the precipitate contains bismuth oxide con- 
taminated with alkali. Dissolve the residue, therefore, in nitric acid, 
precipitate the bismuth by means of ammonium phosphate, and deter- 
mine as phosphate according to p. 63. Evaporate the filtrate containing 
the copper with nitric acid, to destroy the cyanide, and determine 
copper electrolytically according to p. 69. 

Another method of carrying out the separation of bismuthfrom copper 
by means of KCN is to heat a mixture of the freshly precipitated sul- 
fides with a solution of 3 to 4 g of KCN in a little water. BijSs remains 
imdissolved.^ 


4. Separation of Lead from Copper by Means of Electrolysis 

This separation depends upon the fact that the electric current deposits lead 
quantitatively as PbO* upon the anode from solutions containing considerable nitric 
acid, while the copper is either not deposited at all under these conditions or is 
found upon the cathode to some eirtent. After the lead is completely deposited, 
the copper solution is poured into a second weighed platinum dish, the excess of the 
acid is neutralized with ammonia, and the solution is again electrolyzed. The copper 
will now deposit quantitatively upon the cathode. The procedure has already been 
described (cf.pp. 62 and 69). 


* A. H. Low, Technical Methods of Ore Awdysia, 
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6. Separation of Lead from Copper and Cadmium 
{Froyn Bismuth Less Satisfactorily) 

To the solution of the nitrates or chlorides add an excess of sulfuric 
acid, evaporate to remove the nitric or hydrochloric acid, and determine 
tiic lead as sulfate as described on p. 58. 

6. Separation of Copper from Cadmium 
(a) By Electrolysis 

The solution should contain not more than 0.2 g of cadmium. To 
the neutral solution add 10 ml of C N nitric acid, dilute to 150 ml in a 
platinum dish, and clcctroly 2 c with the dish as cathode. Adjust 
the anode, a disk electrode, so that it dips into the liquid only a sliort 
way. Under these conditions, 0.2 g of copper is deposited, perfectly 
free from cadmium, within 12-14 hours by a current of 0.2-0.3 ampere 
at a voltage of 1.9--2.3 volts. With a current of 1-1.5 amperes and 
2.5-2.C volts electrode potential, the copper is deposited in about 5 
hours. ^\^Jcn the deposition is complete, siphon off the solution while 
pouring pure water into the dish without breaking the current. Finally 
rinse the dish wth alcoliol, drj', and weigh with the deposited copper. 
Add a little sulfuric acid to the solution, evaporate to expel the nitric 
acid, cool, dilute, and electrolyze the cadmium from cyanide solution as 
described on p. 70. 

Remark. If considerably more than 0.2 g Cd Is present in 150 ml of the solu- 
tion, there Is danger of small amounts of cadmium separating out upon the copper 
during the na.shing of tlic deposit, especially if the anode extends well into the 
solution. This is because the concentration of the acid becomes less during the 
wa.shing. In analyung a solution containing a large amount of cadmium and small 
amount of copper, therefore, it is best to wash at first with 2 per cent nitric acid 
rather than nrith distilled water. 

Tlic Foparation requires but a few minutes with a rotating anode or cathode, and 
a stronger current. 

r. Foerster recommends (lie following conditions for an electrolytic separation 
of copper and cadmium: niectrolytc: 100 ml of 2 A' sulfuric acid. Electrodes: 
a large platinum gauze electrode ns cathode and n smaller one as anode. Connect 
the electrodes directly n ilh the terminals of a single storage cell so that the voltage 
Ls hepl constant throughout the electrolysis. After CO-90 minutes 02 g of copper 
will l« depo?ite<l completely. Remoi'c the cathode m the usual way (p. C9), 
ncutmlUe the solution with pottussium hydroxide solution, add potassium cyanide' 
and electrolyze for cmlmmm according to directions on p 70. 

(5) Method of Jlirot-Rosc 

I’n-fipitalc the copixr na thiocj-annto ncconling to p. OS, and in 
tlie rdiratc piT-ripitatc cadmium ns sulfide and detemine as ailfate 
ncrortling to p. 71. Tlie rcstllhs are good. 
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(b) ELEMENTS THAT FORM SULFIDES INSOLUBLE IN DILUTE MINERAL 
ACIDS BUT SOLUBLE IN SOLUTIONS OF ALKALI SULFIDE 
(THE SULFO ACIDS) 

ARSENIC, ANTIMONY, TIN, GERMANIUM, MOLYBDENUM, 
SELENIUM, TELLURIUM 

Arsenic, As. At. Wt. 74.91 
Forms: AS 2 S 3 , AS 2 S 5 , MgjAssOj 

The three best ways of determining arsenic are (1) the gravimetric determination 
as AS 2 S 8 (see below); (2) the volumetric determination of the silver in a precipitate 
of AgjAs 04 (see Chapter XVII, Procedure 21); and (3) the iodimetric titration of 
trivalent arsenic in a buffered solution (see Chapter XV). 

1. Determination as Arsenic Trisulfide, AS 2 S 3 

For the determination of arsenic in this form, it must be present in 
its trivalent state, i.c., as arsenious acid or as arsenitc. 

Make the solution strongly acid with hydrochloric acid and precipitate 
the arsenic in the cold with hydrogen sulfide. Remove the excess of 
hydrogen sulfide by a stream of carbon dioxide, and filter through a 
Gooch crucible that has been previously dried at IDS'*. Wash the pre- 
cipitate with hot water, dry' at 105® to constant weight, and weigh as 
AS2S3. 


2. Determination as Arsenic Pentasulfide, As 2 S 6 , according to Bunsen^ 
Modified by Ft. Neher^ 

To the solution, which must contain all the arsenic as arsenic acid, 
add 12 JV hydrochloric acid little by little (it is best to keep the solution 
cooled by surrounding the flask with ice) until the solution is at least 
4 iV in hydrochloric acid. Conduct a very rapid stream of hydrogen 
sulfide into this solution (contained in a large Erlenmoyer flask) until 
it is saturated with the gas. Then stopper the flask and allow to stand 
2 hours. Filter off the arsenic pentasulfide through a Gooch crucible 
which ha-s been dried at 105®, and wash the precipitate thoroughly 
with water, then with hot alcohol (to hasten the subsequent drying). 
After drying at 105® weigh the precipitate as AS 2 S 6 . It is not necessary 
to wash it with carbon bisulfide. 


^ Ann. Ckem. Pharm., 192, 305. 

*Z.anal.Chem.,Z2,45; see also Brunner and Tomicek, A/onafsA., 8, 607; McCay, 
Z. onal. Chem., 27, 6S2, and J. Thiele, Ann, Chem^ Pharm., 266, 65. 
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Remark. If the above directions are followed exactly, this method pves faultless 
results. If, on the other hand, the directions are deviated from in the slightest 
respect, the precipitate is hkely to contain some arsenic trisulfide, whereby low 
results be obtained. If the solution is not kept cool and the hydrochloric acid 
IS added too rapidly, the heat of the reaction suffices to change a part of the arsenic 
pentachlonde (this compound probably exists in solution) to arsenious chloride and 
chlorine, so that on passing hydrogen sulfide into the solution a mixture of arsenic 
trisulfide and arsenic pcntasulfide niil be obtained. 


3. Determination of Arsenic as Magnesium Pyroarsenate, 
according to Levol 

The solution must contain all the arsenic as arsenate, and have a 
volume of not more than 100 ml per 0.1 g areenic. Add 5 ml of 12 N 
hydrochloric acid drop by drop, with constant stirring, and then, for 
each 0.1 g of arsenic, add 7-10 ml of magnesia mixture* and a drop of 
phenolphthalein indicator solution. Now, with constant stirring, add 
6 N ammonia from a buret until the phenolphthalein imparts a per- 
manent red color to the solution, and then add enough more ammonia 
to make one-third the volume of the neutralized solution. After the 
liquid has stood for 12 hours dltcrit through a Gooch or Munroe crucible. 
Transfer the precipitate in the beaker to the crucible by some of the 
original solution blown from a small wash bottle. Wash the precipi- 
tate with 1.6 N ammonia solution containing 2-3 per cent of ammonium 
nitrate until free from chloride. Drain the crucible as completely as 
possible by suction, dry at 100% and heat in an electric oven quite grad- 
ually to a temperature of 400'* to 600% until no more ammonia is evolved. 
Then raise the temperature to 800-900'* and keep there for about 10 
minutes. Cool the crucible in a desiccator and weigh as Mg^As 207 . 

If an electric oven is not available, place the crucible with the pre- 
cipitate in an air bath (cf. p. 31). Sprinkle a thin layer of powdered 
ammonium nitrate® upon the precipitate, and heat, gently at first, 
gradually increasing the temperature until the outer crucible is light red. 
Cool in a desiccator and weigh as MgjAsjOi. The results obtained arc 
excellent. 

Remarks. The proeipitatc produced by the magnesia mixture has the formula 
MgNII«AsO«*CH,0 and loses molecules of water at 102°; it has, therefore, been 
proposed to weigh the precipitate after drying at this temperature. Better results 
are obtained by washing the precipitate with 1 5 iV NlftOII until free from chloride 
then rvith four 5-ml portions of alcohol foUowetl by four 5-ml portions of ether and 


» Dbisolve 55 g ciystallirwl magnesium chloride and 70 g ammonium chloride in 
C50ml water and dilute to a volume of I IwithC aV NlliOIf. 

* Instead of a«ing ammonium nitrate, the crucible may be provided with a per- 
forated cover anil lieatod m a current of oxygen. 



84 


GROUPS I AND II OF CATIONS 


weighing as MgNHiAsOvGHaO (cf. Chapter V, “Magnesium”)* According to 
J. P. Virgili^ it reqxiires 25 1 of 1 5 N ammonia to dissolve 1 g of the precipitate, A 
precipitate of AsjSj or of AsiSj can be analyzed by the above method after treating 
the precipitate with HCl and KClOi as in qualitative analysis. 



Fig. 2Si 


4. Colorimetric Determination of Arsenic 

Small quantities of arsenic can be estimated very accu- 
rately by means of the Marsh apparatus, comparing the 
mirror ivith a series of standards formed with known quan- 
tities of arsenic.* It is nearly as accurate, however, to 
use the much simpler apparatus recommended for the 
Gutzeit test. Treadwell and Comment* allowed the arsine 
to react with dislcs containing silver nitrate and compared 
the resulting color with standards which, unfortunately, 
must be produced freshly with each analysis, as they do 
not keep very well. Almost equally accurate and much 
more convenient arc the methods of F. Hefti^ and of 
C. B. Sanger and O. F. Black® in which the arsine is made 
to react with mercuric chloride paper. 

Oxidizing agents and compounds that yield HjS, SO|, or HjP 
should be absent. The last three, as well as organic matter, can 
be removed by heating with concentrated HNO» and fuming with 
HjSO* (cf. p. 167). The presence of Fe’’^ and SnCh is advanta- 
geous; less than 0.1 g Sb does not interfere. 

The formation of AsH* takes place in a wide-mouth bottle of about 
60-ml capacity (Big. 25) which is fitted with a one-hole rubber stop- 
per carrying the tubes A, B, and C. The tube A contains dry strips 
of lead acetate paper which serve to remove H*S formed from a Uttle 
sulfur in the zinc used. The tube B is packed loosely with glass wool 
that has been moistened with lead acetate solution. The tube C 
contains a piece of filter paper impregnated with mercuric chloride. 
The test papers and reagents are prepared as follows: 

Ferric Alum Solution. Dissolve 8.4 g of ferric ammonium alum in 
water containing 1 g NaCl and 2 ml of concentrated HjS 04 and dilute 
to 100 ml 

Lead Acetate Solution. Dissolve 1 g of Pb(C2H3O02*3HsO in 
water, add sufficient acetic acid to clear the solution, and dilute to 
100 ml. 


‘ Z. anal. Chem., 44, 561 (1905). 

»C. R. Sanger, Am. Chem. J., 13, 431 (1891); Z. anal. Chem., 38, 137 and 377; 
G. Lockemann, Z. angev. Chem., 1906, 429 and 491. 

» Tins method was given in the early editions of this book. 

*lnaug. Dissert. Zurich, 1907. 

» Proc. Am. Acad. Arts and Sd., No. 8, 1907; J. Soc. Chem. Ind., 26, 1115 (1907). 
Cf. Allen and Palmer, 8tk Int. Congr. Apjrf. Chem., 1-2 [I-Il], 9 (1912). 
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Zinc. Treat zinc, free from arsenic and preferably of to i-inch mesh, with 
hydrochloric acid until the surface is clean, wash with water, and keep under water. 

Stannous Chloride. Dissolve 8 g of SnCl* 2 H 2 O m 9 5 ml of water and 0.5 ml of 
concentrated HCI. 

Lead Acetate Paper. ' Soak qualitative filter paper in the lead acetate solution, 
dry, and cut into strips about 7 cm by 5 cm. 

Sensitized Test Papers. Prepare strips of uniform 4-mm width from clean, cold- 
pressed drawing paper which weighs about 160 g per square meter. Such strips can 
be purchased. Thoroughly soak by drawing the strips through a saturated mercuric 
chloride solution (about 5 g HgClj per 100 ml), dry on a rack of glass rods, and cut 
into 7-cm lengths; discard the ends by which the strips were held during the immer- 
sion in HgCli solution. 

Standard Stains. Prepare a set of standard test papers by volatilizing known 
quantities of arsenic as AsHj by the same method as that followed in the analysis. 
The standards can range from 0.001 mg (or ly) to 0 050 mg of As. The stains fade 
when exposed to moist air but when coated with paraffin can be kept for some days 
in a desiccator in the dark. For preparing the standards, dissolve 20 mg of As20j 
in 10 ml of N NaOH by heating. Dilute to exactly 1 1 and mix. For less than 0.02 
mg of AsjOj (1 ml of the standard solution) dilute the solution tenfold. 

Procedure. Place 50 ml of the solution to be tested (which can be 
an aliquot part of the main solution) in the CO-ml decomposition flask 
and add 2.5 ml of concentrated sulfuric acid, 2 ml of the ferric alum 
solution, and 0.5 ml of the stannous chloride solution. Heat, if neces- 
sary, to about 25®, add 35 g of the arsenic-free zinc, insert the stopper 
carrying the three tubes properly filled, shake gently, and allow the 
apparatus to stand for an hour with the solution kept in a bath at 25®. 
Then remove the test paper and compare the stain with the standards. 
If the standards have been covered with paraffin, cover the test with 
paraffin in the same way. 

Figure 26 shows how the yellowish brown stained test strips should look. 
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into the gla^ tubing of H, thus preventing loss of arsine through this tubing. 
Outside of this cathode compartment place an ordinary platinum gauze electrode 
to serve as anode. The absorption flask J should contain 25 ml of 0.1 N iodine 
solution, and it should be connected with a similar absorption flask containing 
25 ml of 0.1 N thiosulfate. Both solutions must be measured carefully from a 
pipet or buret. 

Procedure. The arsenic solution to be tested must contain all the 
arsenic in the trivalent condition. Pour 4 N sulfuric acid into the beaker 
and cover the anode with this electrolyte. Pour the solution to be 
tested for arsenic into the cathode compartment and have the level of 
the sulfuric acid in the beaker about 2 cm higher than that of the solu- 
tion around the cathode. After this dilution, the solution should not 
contain more than 0.08 g AsjOj in 50 ml. Close the cathode compart- 
ment with a stopper carrying the cathode and the gas delivery tubing. 
Place the beaker in ice water to keep the temperature below 10®, and 
electrolyze as described below. Apply gentle suction at the end of the 
absorption, close the electric circuit, and use 2-3 amperes of current. 
Regulate the suction so that b\ibble after bubble of air slowly streams 
through the pressure regulator and into the cathode compartment 
throughout the duration of the electrolysis. Moreover, take care that 
sufficient ice remains in the cooling bath. When all the conditions are 
maintained satisfactorily, the liquid in the cell should remain perfectly 
clear, or at the worst be colored only by a slight brownish turbidity 
which eventually disappears. If a black turbidity is formed that settles 
to the bottom of the U-tube, something has gone wrong and it is useless 
to continue the experiment. In a normal experiment, the evolution of 
the arsine is finished in an hour, if not more than 60 mg of AS 2 O 3 is 
present. Then turn off the current and pour the contents of the two 
absorption tubes (first the iodine and then the thiosulfate solution) into 
a beaker containing 5 ml of a saturated solution of pure NaHCOj. 
Titrate the excess iodine with 0.1 N sodium thiosulfate solution in the 
presence of starch solution as indicator. If on mixing the contents of 
the two absorption bulbs the solution is decolorized, finish the titration 
with 0.1 N iodine (cf. " lodimetry ”), 

This method can be carried out very easQy and gives accurate results in the pres- 
ence of iron, so that it is suitable for a rapid determination of the arsenic present 
in iron minerals. 

Fuse 1 g of powdered mineral in a nickel crucible with 6 g NaiCOs and 1 g of 
KNOj. Digest the melt with dilute sulfuric acid, filter, and to the filtrate add 200 ml 
of saturated SOj solution; boil to expel excess SOj, dilute to make about 2 N in HjSO*, 
and use a suitable aliquot for the elcctnfly^. 
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Antimony, Sb. At. Wt. 121.76 
Forms : SbjSj, Sb 204 , and Sb 
1. Determination as Trisulfide, Sb 2 S 3 
(a) Aletkod of F. Henz^ 

Conduct hydrogen sulfide for 20 minutes into the cold solution, 
which should be about N in HCl, then, without stopping the current of 
hydrogen sulfide, slowly heat the solution to boiling and continue the 
stream of hydrogen sulfide for 15 minutes more. Remove the flame, 
allow the precipitate to settle, and decant through a Gooch crucible which 
has been heated at 280-300® and weighed. Wash the precipitate four 
or five times by decantation with 50-75 ml of hot, very dilute acetic 
acid into which hydrogen sulfide has been passed. Wash on the filter 
with the same liquid until all 
chloride is removed. At first 
the filtrate runs through 
perfectly clear, but after all 
the mineral acid has been 
removed, the filtrate shows 
a slightly orange tint, owing 
to an unweighable amount 
of the antimony sulfide 
passing through in colloidal 
solution. As soon as this ^ 
point is reached, stop the 
washing.* 

Place the crucible, after 
the precipitate has been 
dried as much as possible 
by suction, in the tube R, 

Fig. 29, which is fitted to 
a drying oven (about 18 cm 
long and 10 cm high and 
covered with asbestos pa- 
per) . Close the tube R with 
a rubber stopper that holds a glass delivery tube, and push R into the 
drying closet until the end of the stopper is reached. To protect the 

1 F. Hcnz, Z anorg Chem , 37, 18 (1903). 

* This precipitate can be used advantageously for the volumetric determination of 
antimony (see Ano(i/sis of Stibmte) 



Fig, 29. 
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rubber stopper during the subsequent heating, fit a Rose crucible cover 
against it, holding it in place by vrrapping the tube a vritb a strip of 
asbestos paper. 

Expel all air from the tube by a stream of dry, air-free carbon dioxide 
and heat for 2 hours at 100® to 130®. Inasmuch as the tube E extends 
so far into tbe drying oven, there is no danger of water condensing in 
the tube; it is all expelled as vapor at b. The precipitate is now dry 
and tbe air completely expelled from tbe heating tube. 

Now withdraw the tube R a little way out of the oven, about 5 cm, as 
shown in the drawing, raise the temperature to 280-300®, and keep it 
there for 2 hours. 

Hereby some sulfur is volatilized and collects in the tube R outside the 
oven. The orange pentasulfide is also completely changed into the black 
antimony trisulfide by this heating.* Allow the crucible to cool in the 
stream of carbon dioxide, transfer to the balance case,* let stand half an 
hour, and weigh. The black antimony trisulfide is not at all hygro- 
scopic. A further heating in the current of carbon dioxide will rarely 
show any change in weight. 

(b) Method of Vortmann nnd Mcizl^ 

When antimony is precipitated by hydrogen sulfide from a hot solu- 
tion which is strongly acid \rilh hydrochloric acid, the sulfide eventually 
becomes grayish black in color, is crystalline, and can be filtered easily 
and washed with water without tbe slightest tendency to pass into the 
hydrosol condition. 

To each 100 rai of neutral solution in an Erlcnmeyer flask, add 24 ml 
of 12 jV hydrochloric acid. Heat to boiling, and subject the hot solu- 
tion to tbe action of hydrogen sulfide gas. Place the Erlcnmeyer flask 
containing the solution in a dish of boiling water and keep the water 
boiling during the precipitation. It is advisable to introduce the 
Iiydrogen sulfide gas quite rapidly at first, but towards the end a slow 
stream is sufficient. The antimony sulfide as it comes down is yellow 
at first, but as the precipitation proceeds, it becomes redder; gradually 
it becomes heavier and denser, assumes a crystalline form and becomes 

* According to Paul {Z. anal, Chem., 31, 540 (1892)), the transformation of anti- 
mony pentasuIGde can be accomplished at 2^'* but it Is much more rapid at 2S0- 
300®. It is more difficult to replace the air completely with carbon dioxide in Paul's 
drying oven. 

* Roll up a piece of m-iting paper and place it In the tube R, so that the crucible 
does not come in contact with any of the sulfur sublimate, on withdrawing It. Re- 
move tlic crucible with the paper. 

* Z. anal. Chan., 44, 526 (1005) 
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darker and finally black in color. The transformation into the crystal- 
line form is hastened by shaking the flask. At first, while the precipitate 
is of a yellowish color, there is no need for shaking the flask, but later on 
it is very desirable to do so. The shaking, however, should not be too 
\'iolent, as otherwise some of the precipitate is likely to adhere to the 
upper portions of the flask and escape the transformation. The reac- 
tion requires 30-35 minutes. Finally a heavy, dense, crystalline precipi- 
tate of antimony trisulfide is obtained which settles well and permits a 
rapid filtration. Dilute the solution with an equal volume of water, 
allowing it to flow around the walls of the flask in order to wash do^-n 
any adhering sulfide. The dilution almost always causes the formation 
of a slight yellow turbidity. The reason for this is that a little of the 
antimony is held in solution by the strong acid and as the solution is 
diluted this is caused to precipitate by the dissolved hydrogen sulfide. 
Once more shake the flask, replace it in the vessel of boiling water, and 
introduce more hydrogen sulfide. In 2 or 3 minutes the solution above 
the precipitate will become clear. Filter tlirough a Gooch crucible, 
wash with water to remove the acid, then with alcohol, place in the dry- 
ing oven, and heat as described under (a). 

2. Determination as Tetroxide, Sb :04 (Bunsen) 

This method Is based upon the fact that antimony pentoxido, when ignited at a 
definite temperature, changes into SbjO«. Bunsen,* who first proposed the method, 
later abandoned it because his assistant succeeded in volatilising more than 0.1 g 
of the precipitate by heating it over the blast lamp.* Brunck,* Rossing,* and liens* 
have shown, honever, that accurate results can be obtained. In 1897, Baubigny* 
discovered that antimony pentoxidc is converted quantitatively into the tetroxide 
at a temperature of 760-800°. The literature is conflicting with regard to the vola- 
tility of Sb, 04 . This oxide can be reganicd as antimonous antimonatc with one 
atom of antimony in the tnvalcnt condition and the other atom in the quinqucvaicnt 
state. The oxide Sb ]04 is very easily reduced and SbjOi volatilizes quite rapidly 
at 1000“ (0.35 g in 30 minutes). 

Procedure. Ordinarily it is desired to determine the amount of 
antimony present in a mixture of its tri- and pcntasulfidcs, or in a mix- 
ture of one or the other of the two compounds with sulfur. It is best to 
proceed as follows: Precipitate the sulfide of antimony from a hot 
solution, wash the precipitate first with hot water, then with alcohol 

* Ann. Chem. u Phnrm , 106, 3 (1S5S). 

*/tW,192. 316 (1878). 

anal CAcm., 34, 171 (1895). 

* IbiiL, 41, 0 (1902). 

* Loc, cit. 

» Compt. raid., 124, 490 (IS97). 
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afterwards with a mixture of alcohol and carbon disulfide (in order to 
remove the sulfur),’ again with alcohol, and finally with ether. Then 
dry the precipitate, separate the bulk of the precipitate from the filter, 
and place it upon a watch glass. Put the filter in a small porcelain dish 
and boil it with a little freshly prepared ammonium sulfide solution, stir- 
ring constantly with a glass rod. Pour the resulting solution through a 
small filter into a SO-ml porcelain crucible, and treat the filter repeatedly 
with ammonium sulfide solution until it ^ no longer brownish red at the 
edge of the paper, where it begins to dry; the extraction of the antimony 
sulfide is then complete. Evaporate the solution in the crucible to dr>'- 
ness and add the main part of the precipitate. To oxidize the antimony 
sulfide, Beckett places the crucible, with a dish of fuming nitric acid 
beside it, under a bell jar and allows it to stand over night. The vapors 
of fuming acid slowly oxidize the precipitate in the crucible, and the 
next morning it is possible to complete the oxidation by means of nitric 
acid (d 1.4) without the reaction being too violent. Heat the crucible 
on the water bath until the precipitate becomes white and the greater 
part of the acid is expelled. Add a little water and, with stirring, 
enough concentrated ammonia to give an alkaline reaction. Evaporate 
the contents of the crucible to dryness on the water bath, carefully heat 
in an air bath (p. 31) until no more fumes of sulfuric acid are evolved, 
and then for half an hour at 800'’ in an electric oven. Cool in a desic- 
cator, transfer the crucible quickly to a glass-stoppered weighing 
beaker, allow to stand 20 minutes in the balance case, and then weigh. 
Repeat the ignition and weighing until a constant weight is obtained. 


3. Determination of Antimony as Metal 

The decomposition potential of trivalent antimony cations is below that of hydro- 
gen ions so that it is possible to deposit antimony from acid solutions. By regulating 
the cathode potential, Sand* succeeded in depositing 0.3 g Sb in the presence of con- 
siderable HiSO*; in the presence of a suitable depolarizer such as NHsOH-HCl it U 
possible to deposit antimony from HQ solutions In general, however, it is prefer- 
able to deposit the metal from an alkali sulfide solution.* 

If a solution of sodium or ammonium thioantimonite, or thioantimonate, containing 
not more than 0.2 g Sb in a volume of about HO ml is subjected to electrolysis 


' Tluele, Ann. Chem. U7id Pharm., 263, 372. 

»7’raTis. CAem.Soc,, 93, 1572 (1908' • F 
» Wolbling, Chem. Anofysc, 17/18, 

Soe., 38, 1660 (1916); Engelenburg, / 
Elektroandyi. Methoden. 


* Parrodi and Mascazzini, Z. onal. Chem.^ 18 S&7 aR*m\. 
(1880); Classen and Reis, Ber^ 14, 1^ (1821) 17 2467 Iv 
27,2060(1894). ir, 2467 


.! Chan- 
• ‘I !■( adffcll- 

13 
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a current of 1-1.5 amperes at 65“ for 90 n^ntes, the antimony will be deposited 
upon a platinum dish, which has been etched by treatment with dilute aqua regia, 
as steel-gray, metallic antimony, and the deposit adheres so firmly that it can be 
dried and weighed without loss. The chief condition for the success of this operation 
13 the absence of polysulfides. If these substances are present the antimony is 
mcompletely deposited and sometimes not at all, or the deposited antimony may pass 
into solution, on account of being oxidized to sodium thioantimonite by means of the 
sodium polysylfide which is formed at the anode during the electrolysis: 2Sb + 
3Na:Si = 2Na3SbS,. 

It is necessary, therefore, to prevent the formation of polysulfides during the 
electrolysis. For this reason Lecrenier* added sodium sulfite to the bath, whereby 
the polysulfide is transformed into thiosulfate: Na*Si + NaiSO* == NajS:©* + NajS 

Ost and Iflapproth’ carry out the electrolysis with the aid of a diaphragm to keep 
the polysulfide away from the cathode. 

It is better, however, to make use of potassium cyanide for this purpose.* Na^t 
+ KCN = NaiS + KCNS. 

Procedure. Usually the antimony is first isolated as the sulfide, 
which is either precipitated by hydrogen sulfide from acid solution or 
obtained by acidifying an alkaline solution of the thio salt. Dissolve 
the filtered and washed precipitate, corresponding to not over 0.2 g Sb, 
inaboutSOmlof a 12 per centsodium sulfide solution (d 1.14). Transfer 
the solution to a weighed platinum dish with sand-blasted inner surface. 
Dilute the solution with 30 ml of 30 per cent freshly prepared pure 
potassium cyanide solution, and dilute to 125 ml. Heat to 65® C^ot 
over 70®) and electrolyze with a current of 1.2-1.3 amperes at an elec- 
trode potential of 1.1 to 1.4 volts. After 1.5-2 hours all the antimony 
Viill be upon the cathode in the form of a firmly adhering, light gray 
deposit.^ Now, without breaking the circuit, siphon off the electrolyte, 
while adding water until the current ceases to pass through the liquid 
(the voltmeter connected as ammeter points to the zero reading). 
Kemove the cathode, wash thoroughly with water, then with 95 per cent 
alcohol, dry at about 80®, cool in a desiccator, and weigh. The results 
by this method arc usually a little high. 

Cleaning the Electrodes. Ost* recommends heating with a mixture 
of equal parts concentrated nitric acid and a saturated solution of 
tartaric acid. The antimony will also dissolve readily by heating with 
a solution of alkali polysulfide. 

»A. Lecrenier, Chem. Ztg., 13, 1219 (1889), 

* Z. angew. Chem., 1900, 828 

*Cf. A. Fischer, Bcr., 36, 2048 (1903); Z. anorg. Chem., 42, 363 (1901); HoUard, 
Cun. soc.cXem., 23 {31 292 (1900); F. Henz, Z. anor?. C/tem., 37, 31 (1903). 

‘To make sure that the deposition is complete, the liquid may be transferred 
quickly to a second dish and electrolyzed for an hour longer. It is seldom that 
any gain in weight will be shown by this dish. 

* Z. angew. Chem., 1901, 827. 
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Tm,Sn. At Wt 118.7 
Forms: Sn02» Sn 

1. Determination, as Tin Dioxide, SnO? 

Two cases are to be distinguished: 

(a) The Tin Is Present a& Metal {in an Alloy). 

(b) The Tin Is Present m Solution. 

(a) Tin in Brass or Bronze' 

Procedure. Digest 1.0 g of boring in a small beaker with 25^ ml 
of 6 N nitric acid. Evaporate the solution slowly to about 5 ml but not 
to dryness. Dilute wath water to about 50 ml; heat nearly to boiling 
and keep at about 90^ for at least ^0 minutes. Add ashless filter paper 
pulp (p. 151) and filter while hot. If the filtrate is turbid, refilter and 
add more filter paper pulp if necessary. Usually only the first 10-15 ml 
of filtrate will require refiltering. Wash the precipitate at least 10 
times \rith hot 1 per cent ammonium nitrate solution. Place the filter 
and its contents in a weighed porcelain crucible; boat carefully at first 
and finally over a Mdker burner, over a blast lamp, or in a muffle furnace 
at 1100®. Weigh as SnOj. 

The tin precipitate invariably contains small quantities of other oadcs, 
and, if there is much precipitate, purification by one of the two following 
methods is advisable. 

(o) After weighing, add to the precipitate six times as much of a 
mixture consisting of equal parts sodium carbonate and pure sulfur. 
Heat in a covered porcelain crucible over a small flame until the excess 
of sulfur is almost entirely removed. This point is easily recognized by 
there being no longer any odor of SO 2 and no blue flame of burning sulfur 
evident between the cover and the crucible. Cool and dissolve the melt 
in a little hot water; the tin goes into solution* as sodium thiostannate 
(cf. Vol. 1), together with some copper and iron. Treat the deep brown 
liquid, therefore, with sodium sulfite* solution until it becomes only 

* The method is applicable only for alloys which are completely oxidized or dis- 
solved by HNO, and which contain no antimony. It is not applicable to Babbitt 
metal. Antimony behaves liVe tin in this procedure. 

•Frequently a single fusion with sodium carbonate and sulfur is insufficient; 
this is recognized by obtaining a sandy residue insoluble in water. If such a residue 
appears, filter it oti, wash, dry, and repeat ibn fusion. 

* The sodium sulfite changes the sodium polysulfide to monosulfido, in which copper 
and iron sulfides are insoluble. 
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slightly yellow in color; any iron or copper, etc., will now be precipi- 
tated quantitatively as sulfides. Filter off the latter and wash first \\ ith 
water to which a little sodium sulfide has been added and finally wtli 
hydrogen sulfide water. As a mie the amount of insoluble sulfide 
formed by this treatment is so small that after dr 5 'ing it can be ignited 
in an open porcelain crucible and changed to oxide mthout introducing 
any appreciable error. If this weight is subtracted from the original 
amount of impure stannic oxide, the weight of pure stannic oxide will 
be obtained. If, however, the amount of impurity present with the 
residue of metastannic acid is lai^c, the different metals must be sepa- 
rated according to one of the methods for the separation of the sulfo 
bases, the weight of each oxide determined separately, and the sum of 
their weights subtracted from the original weight of the tin dioxide. 
Instead of determining the amount of impurity present with the tin 
dioxide, the filtrate from the insoluble sulfides can be acidified with 
acetic acid and the tin precipitated as yellow stannic sulfide, which, 
after it has completely settled, can be filtered off and changed by care- 
ful ignition in an open porcelain crucible to tin dioxide, as described on 
p. 97, and weighed as such. 

(6) Instead of igniting the precipitate, wash it into a porcelain evapo- 
rating dish, evaporate on the water bath almost to drjmcss, and then 
treat with 1 ml of pure sodium hydro.xidc solution and 10-15 ml of 
saturated sodium sulfide solution. Cover the evaporating dish with a 
watch glass, and heat for about 45 minutes on the water bath, whereby 
all the tin should pass into solution, and the other metals remain undis- 
solved as sulfides. Filter and wash with very dilute sodium sulfide 
solution. 

The filter upon which the metastannic acid was filtered still retains 
some of the precipitate. Spread it out, therefore, in a second small 
evaporating dish, cover with about 1 ml of sodium sulfide solution, and 
heat on the water bath. After lialf an hour, all the tin should be dis- 
solved. Pour the solution through a small filter and wash the filter 
with a little hot water. 

Drj’ the two filters, ignite in a porcelain cmciblo, treat the ash with a 
small quantity of strong nitric acid, and add the resulting solution to 
that obtained by dissolving the alloy in nitric acid. 

For the determination of the tin, combine the two solutions contain- 
ing sodium thiostaimale, make acid with acetic acid, and boil to expel 
the hydrogen sulfide. Filter off the precipitated stannic sulfide, wn.‘«li 
once with water to remove the most of the alkali s.alt.s, tlicn transfer 
back to the original beaker and dissolve in 10 ml of 50 per cent potas- 
sium hydroxide solution and 1 g tartaric acid; the«e quantities sufljcc 
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for 0.1-0.2 g of tin. To the solution add pure 30 per cent hydrogen 
peroxide (Perhydroi, Merck) until the yellow liqiud becomes perfectly 
colorle^, then add 1 ml in excess. Boil the solution for 10 minutes to 
make sure that the oxidation is complete and that the excess of peroxide 
is decomposed. As soon as no more bubbles of oxygen are evolved, 
allow the solution to cool somewhat and add cautiously 15 g of oxalic 
acid dissolved in a little hot water. Electroly 2 e the hot solution as 
described on p. 98. 

The precipitated stannic sulBde, as obtained above by acidifying the 
sodium thiostannate solution, may be ignited in a porcelain crucible and 
weighed as Sn02. The results are usually a little high, and the method 
is not so accurate as the electrolytic determination. Cf. below. 

(b) The Tin Is Present in Solution 
(a) The Solution Contains Tin Only 

If the solution contains only tin in the form of stannic salt (chloride 
or bromide), add a few drops of methyl orange indicator solution and 
then ammonia until the pink color of the indicator is changed to yellow. 
Add 24 g of ammonium nitrate and dilute the solution to a volume of^ 
300 ml. Heat to boiling, filter after the precipitate has settled, wash 
with hot 2 per cent ammonium nitrate solution, ignite in an open porce- 
lain crucible, and weigh as SnOj. 

Remark. If the solution contains non-volatile organic acids, this method can- 
not be used for the determination of tin. The tin must be first precipitated as 
sulfide by means of hydrogen sulfide below). If the tin is not in solution as 
stannic salt but as stannous salt, the solution must be first oxidized by the addition of 
bromine water until a permanent yellow color is obtained, after which the solution 
can be neutralized with ammonia and treated as above described. 

Accordmg to J. Lowenthal,^ tin can be precipitated from shghtly acid stannic 
chloride or bromide solutions by boiling with ammonium nitrate. Add methyl 
orange to the solution and then ammonia until a yellow solution is obtained;* now 
add dilute nitric acid, drop by drop, until the solution just becomes pink again, and 
continue as described above. 

(0) The Solution Contains, besides Tin, Metals of the Ammonium 
Sulfide Group or Orgamc Substances 

In this case, irrespective of whether the tin is present in the form of 
stanmc or stannous salts, conduct hydrogen sulfide into the dilute solu- 
tion until it is saturated with the gas; allow the solution to stand until 

* J". prakt. Chem , 66, 366 (1853). 

* The excess of acid cannot be removed by evaporation on account of the volatihty 
of stannic chloride. 
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the odor of hydrogen sulfide has almost disappeared and then filter. 
Wash the precipitate with a 2 per cent ammonium nitrate solution, drj', 
transfer as completely as possible to a porcelain crucible, and add the 
ash of the filter. Heat the tin sulfide at first gently with the flame well 
in front of the inclined open crucible to av'oid loss by decrepitation, and 
afterwards with the flame at the base of the crucible until the odor of 
sulfur dioxide is no longer perceptible. Now raise the temperature 
gradually until finally the full heat of a good Teclu or IM^ker burner is 
obtained. As tin dioxide holds fast to some sulfuric acid mth great 
tenacity, after cooling the crucible somewhat add a piece of ammonium 
carbonate the size of a pea. Again heat and weigh as SnOj. Repeat 
the heating mth ammonium carbonate until a constant w'eight is 
obtained. 

Remark. F. Henz* in testing this method always obtained results which were 
a httle too high. This was because it is difficult to wash the stannic sulfide precipi- 
tate free from sodium salts. It is best, therefore, to dissolve the well-washed stannic 
sulfide precipitate in a little sodium sulfide, transform the tbiostannate into stannioxa- 
late, and determine the tin by electrolysis (see below), or as oxide by the method of 
Lbwcnlhal (sec above directions). 

2. Determination of Tin as Metal 

The electrolytic deposition of tin from a solution of the ammonium stannioxalate 
giws excellent results It is necessary, however, to have free oxalic acid always 
present while the solution is undergoing electrolysis During the process, ammo- 
nium oxalate Is changed by anodic oxidation into ammonium bicarbonate and carbon 
dioxide: 

CjO,” + 2H,0 - 2e = 2IICO,' + 2H^ 

ncor + H^r^n,o + co,T 

and the solution will smell of ammonia as o result of the hydrolysis of ammonium 
carbonate. When tins point is reached no more tin is deposited. The ammonia 
often precipitates some shannic acid, winch escapes the electrolj’sis. It is necessary 
therefore, to avoid letting the batli become nmmoniacal, and this is best accomplished 
by adding a little solid oxalic acid from time to time. 

In the following mcthoil the clcetrol>'si^ is accomplished in a potassium 0 X 01.110 
solution. Not more than 0.3 g of tin should bo present in the solution analyzed. 

Procedure. In the course of on analysis it is usually necessary to 
precipitate the tin from a solution of alkali tliio^itannatc. Tliis is best 
accomplished as follows: Decompose the thio .salt by acidiftnng with 
acetic acid, boil to expel hydrogen sulfide, and dis.-solvc the sulfide by 
adding 15 g of solid pot.a-ssium hj'droxide. O.xidize b}' adding perhy- 
drol (concentrated IIsO-) drop by drop. At first the color of the solution 


anory. Chan , 37, 39 (ID03). 
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deepens but eventually it becomes colorless. Finally boil 10 minutes, 
add 15 g of oxalic acid, and boil 10 minutes more. Then dilute to about 
150 ml, heat to 65®, and electrolyze with a current of 1 ampere and 3-4 
volts potential at the electrodes; at the end of about 6 hours all the 
tin will have been deposited upon a gauze electrode. Wash the deposit 
with water, exactly as prescribed for copper on p. 69, then with alcohol, 
dry, cool in a desiccator, and weigh. The results are excellent. 

Remark. If ammonium oxalate is used in place of the potassium oxidate, the 
electrolysis requires more time (8 to 10 hours). By the addition of hydroxylamme 
the duration of the electrolysis is shortened. 

If the solution becomes turbid during the electrolysis, insufficient caustic potash 
solution may be used. Add 2-3 g of potassium hydroxide to dissolve the turbidity. 

Tin can also he deposited from ammonium sulfide solutions,' from sodium sulfide 
solutions,* and from dilute hydrochloric acid.* Engelenburg* tested the procedures 
of Scboch and Brown and obtained the best results as follows: 

Dissolve the tin salt in 10 ml of concentrated HCl, add 2 g NHjOH-HCl, dilute 
to 200 ml, and electrolyze at Sfi"* with a current of 1.5 amperes while stirring at 800- 
1000 rpm. The deposition of 0.3 g Sn is complete in 35 minutes. 

Separation of Arsenic, Antimony, and Tin from the Members of the 
Ammonium Sulfide Group 

The separation is effected by passing hydrogen sulfide into the acid 
solution of the above metals, whereby arsenic, antimony, and tin are 
precipitated as sulfides while the remaining metals remain in solution. 

From an alloy, or the solid sulfo salts of the above metals, arsenic, 
antimony, and tin may be readily volatilized by heating in a stream of 
chlorine; the chlorides of these three metals are readily volatile, whereas 
those of the remaining metals are only difficultly so. 

Separation of Arsenic, Antimony, and Tin from Mercury, Lead, Copper, 
Cadmium, and Bismuth 

The qualitative analysis of a mixed sulfide precipitate containing the above metals 
has been desenbed in Vol I (“ Analysis of Group 11 ")■ As a result of treatment 
with NajS, or the sulfides of As, Sb, and Sn pass into solution, together 

with Hg if NasS 2 is used, Cu, Pb, Bi, and Cd sulfides remaining undissolved. If 
is used, Hg is included in the Cu ^oup. 


' Classen, Quan. Anal, durch EJektrolyse; Medway, Am. J. Sci., [4] 18, 56, 180 
(1904); Exner, J. Am. Chem. Soc., 26, 896 (1903); Fischer and Boddaert, Z. 
Elektrochem., 10, 945 (1904); Witmer, J. Am. Chem. Soc., 29, 473 (1907); Smith 
and KoUock, J. Am. Chem. Soc., 27, 1527 (1904). 

D. Treadwell, Eleklroanalyt. Methoden. 

* Schoch and Brown, J. Am. Chem. Soe., 38, 1660 (1916). 

* Z. anal. Chem., 62, 257 (1923). 
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This procedure, though satisfactory from a qualitative point of view, does not 
effect a complete separation of the eight elements, and the quantitative analysis of a 
sulfide precipitate containing them all is a very complex problem. No simple process 
of general applicability can be given. The chief difficulties are: 

1. Generally speaking, slightly incomplete extraction of tin and antimony from 
the mixed precipitate, necessitating a repetition of the procedure. 

2. Partial solubility of copper and bismuth sulfides m alkaline polysulfides. 

3. Insolubility of stannous sulfide in alkaline monosulfidc, and incomplete extrac- 
tion of antimony bisulfide by that reagent. 

4. In the presence of mercury, formation of mixed or complex sulfides of mercury 
with cadmium, tin, or copper, which modifies the reactions of these metals. 

However, the simultaneous presence of all the above metals in one and the same 
substance is so rare an occurrence that it may be ruled out for practical purposes. 
In particular, mercury is not abundant m nature and is seldom found in alloys; its 
principal ore, cinnabar, may be found associated with sulfides of Fe, Cu, As, Sb, and 
Pb. The mercury determination in such ores is usually accomplished by a volatiliza- 
‘ tion process (cf. p 56). In Eschka’s method, the powdered ore is mixed with pure 
iron filings in a tall porcelain crucible supported by a well-fitting perforated asbestos 
plate so that only tho loner third of the crucible projects below the plate. The 
crucible is closed with a tight-fitting concave gold hd filled nith water. The bottom 
of the crucible is heated by a small flame. After cooling, the Iid is removed, washed 
with alcohol, dried for a very short time, and weighed. The hd Is then gently ignited 
and again weighed, tho difference giving the mercury. 

Cadmium is another element which is rarely met n ith in minerals other than zino 
ores, in which it occurs m small quantities. It is an important constituent of certain 
fusible alloys: thus, Wood’s metal consists of Bi, Cd, Sn, and Pb. Its analysis is 
conducted like that of tin alloys (p. 94), the tin being separated os insoluble meta- 
stannic acid by treatment of the alloy with nitric acid. The nitrates of the other 
metals are converted into chlorides, and the lead chloride c.in be collected as a residue 
insoluble in alcohol. Bismuth is then precipitated as oxychloride (p. 63); the 
cadmium is left in solution, from which it is recovered as sulfide, and this is converted 
into and weighed as sulfate (p 71). 

The metals other than mercury and cadmium arc more frequently found together, 
and their separation will now be considered. 


Separation of Arsenic, Antimony, and Tin from Lead, Bismuth, 
and Copper 

The sepamtion is carried out, as in qualitative analysis, by treatment with alkaline 
sulfide, forming soluble thio salts of As, Sb, and Sn and insoluble sulfides of Pb, Cu 
and Bi. It is generally preferable to use sodium sulfide; if Sb preponderates 
potassium sulfide should be used, as the sodium salt of complex Sb salts is sparingly 
soluble; ammonium sulfide is used in separations affecting mercury. 

The best separation is obtained if all the metals are in solution (case o); if they 
arc in the form of a sulfide precipitate, the separation to be quantitative may have 
to be repeated (case b) If the metals are present ns an alloy, low-temperature fusion 
with sodium sulfide is very convenient and effective (case c). Lastly, if insoluble or 
complex compounds have to be treated, fusion with sodium carbonate and sulfur is 
recommended (case d). 



100 


GROUPS I AND n OF CATIONS 


(a) The Metels Are in Solution. The metals should be in tbeir higher 
state of oxidation (solution in aqua regia, or chloride solution treated 
with potassium chlorate or nitiic acid). Add at least six times as much 
tartaric acid as there are metals present, and a slight excess of sodium 
hydroxide. Dilute to about 100 ml, pour the hot solu tion drop by drop, 
while stirring, into a hot solution of 5 to 10 g of sodium sulfide in 100 ml 
of water. Digest on the water bath for half an hour, pass hydrogen 
sulfide through the liquid, allow the precipitate to settle, filter, and wash 
the precipitate thoroughly with dilute sodium sulfide solution. 

(b) The Metals Are Contained in a Sulfide Precipitate. Heat the 
precipitate with a solution of 5 to 10 g of sodium sulfide in less than 50 ml 
of water. After boiling for a minute, allow the precipitate to settle on 
the water bath, and if it shows a yellow color, treat with sodium sulfite 
solution (p. 94), stir, dilute with 100 ml of hot water, and set aside on 
the water bath for half an hour. Filter off the precipitate and wash it 
with dilute sodium sulfide solution. Unless it is quite small, it is advis- 
able always to retreat the precipitate, by dissolving it in aqua regia 
and applying procedure (a). Combine the filtrates (containing As, 
Sb, Sn). 

(c) The Metals Occur as an Alloy. WTiite alloys (lead or tin base 
bearing metals) and copper alloys are most commonly met. In the 
case of white alloys, oxidire 1 got driving v,ith nitne acid in a porcelain 
dish, and evaporate to di^mcss. Triturate the residue with a flattened 
glass rod, imx with 10 g of sodium sulflde crystals and 0.2 g of powdered 
sulfur, and gently heat the covered dish so that tho salt melts in its 
water of crystallization. Continue the digestion for half an hour; 
dissolve the product in 100 ml of hot ammonium nitrate solution. 
After another hour’s digestion, collect the precipitate and wash it 
with dilute sodium sulfide solution. The filtrate contains all the tin 
and antimony (arsenic); the residual lead sulfide is free from these 
metals.' 

In the case of copper alloys, separate the tin and antimony from the 
remaining metals by treating the alloy with nitric acid (see “ Analysis of 
Phosphor Bronze," p. 101). The tin is left behind as metastannic acid, 
insoluble in dilute nitric acid, and the antimonyis precipitated completely 
if ten times as much tin is present. In the presence of sufficient tin, all 
phosphorus and arsenic are also found in the insoluble residue as PsOj 
and AsjOfi. A small quantity of arsenic (and the remaining metals 
of this group) can be precipitated by hydrogen sulfide and separated 
from the copper group by means of alkaline sulfide solution (see 6). 

* Bj!U, Z. anal. Ckem., 81, 81 (19’?0). 
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(d) The Metals Occur as Insoluble Compounds. Fuse the substance 
uith 6 parts of sodium carbonate and sulfur mixture, etc., as directed 
on p. 94. 

For the determination of antimony in lead sulfate, etc., dissolve the 
lead salt in excess of potassium hydroxide, and pour the liquid into hot 
potassium sulfide solution (see a). 

ANALYSIS OF PHOSPHOR BRONZE 
Standard Sample 63 of the National Bureau of Standards contains, 
in addition to copper, tin, lead, and phosphorus, 0.55 per cent of anti- 
mony, 0.48 per cent of zinc, 0.27 per cent of iron, 0.20 per cent of arsenic, 
0.05 per cent of sulfur, 0.05 per cent of aluminum, and 0.008 per cent of 
nickel. In the procedure to be described only the first four elements 
will be considered. In this procedure, the antimony will be determined 
with the tin in a precipitate of “ mctastannic acid " and will be counted 
as tin. The arsenic wll also be present in this precipitate as As208. 

Determination of Copper and Dead 
Procedure. Dissolve 0,5 g of borings in a small beaker with 16 ml 
ot a N nitric acid, d 1.2. Evaporate the solution just to dryness on the 
water bath, and remove the beaker as soon as this stage is reached. 
Treat the residue with 20 ml of 2 N nitric acid, heat to boiling, and 
decant off the solution through a hardened filter paper. Repeat this 
treatment. Complete the washing by boiling and decanting wth 1 per 
cent ammonium nitrate solution. Keep as much of the precipitate as 
possible in the original beaker, and the total volume of the filtrate under 
150 ml. Examine the first portions of the filtrate for metastannic acid, 
refilter if necessary, and remove each successive portion from below the 
funnel before adding more wash water. Wash the precipitate with 1 
per cent NH4NO3 solution until a portion of the filtrate >vill give no 
test for copper or lead on adding a little ammonium sulfide solution (or 
for copper uith K4Fe(CN)6 solution). Save the precipitate for the tin 
determination. 

To determine the copper and lead electrolyze this solution, and the 
nitric acid solution obtained below, nith platinum gauze electrodes; use 
a current of 0.25 ampere for 4 to 6 hours and then one of 0.1 ampere for 
18 to 20 hours. The copper %vill be deposited on the cathode as metallic 
copper and the lead upon the anode as PbOj. (See p. 75.) 

Detenninatioa of Tin 

With the aid of a stream of wate r from a wash bottle, transfer the 
insoluble residue back to the nrirrni T libi n<j 
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but limit the quantity of water used as far as practicable. To dis- 
solve the precipitate remaining on the filter, spread it out on the bottom 
of a beaker, pour over it 25 ml of yellow ammonium sulfide solution, 
and heat gently for 15 minutes. Meanwhile add 75 ml of the sulfide 
solution to the residue in the oripnal beaker. Add to this the ammonium 
sulfide solution from the treatment of the filter paper, and wash the 
paper 3 times with hot water. Save the filter paper. 

Cover the beaker containing the ammonium sulfide solution with a 
watch glass and digest at 60° to 70° for 2 hours. Then filter off any 
black residue and collect the filtrate in a 600-ml beaker. Wash the 
residue wth 100 ml of ammoniiun sulfide reagent which has been diluted 
^vith 4 times as much water. Complete the washing ^\ith water. Treat 
this filter and the one previously saved with 15 ml of hot 3 N HNOs, 
filter, wash free from acid ndth hot water, and add this solution, after 
nearly neutralizing it with ammonia, to that in which the copper and 
lead is to be determined (see above). Add the residue to the Sn pre- 
cipitate. 

To the ammonium sulfide solution add acetic acid until the solution 
reacts acid, and allow to stand in a warm place for at least 3 hours. 
Then filter off the SnSj precipitate and wash it ^\'ith 2 per cent NH4NO5 
solution, using at least 160 ml of it. .Transfer the moist SnSj precipi- 
tate to a weighed porcelain crucible and ignite carefully. Call the 
residue SnOj, and report the percentage of tin present in the alloy. 

Determination of Phosphorus* 

Weigh out 1-3 g of sample into a 300-ml Erlenmeyer flask and dis- 
solve in 20 ml of aqua regia. When all the metal has dissolved add 10 
ml of water and digest at 90° for 10 minutes. Dilute to 50 ml and treat 
with 100 ml of ammonium molybdate solution prepared as recommended 
by Blair (see Chapter DC). 

Stopper the flask ^th a rubber stopper and shake for 10 minutes, 
occasionally removing the stopper. Allow to stand 4 hours or longer 
before filtering. Filter, keeping as much as possible of the precipitate 
in the flask. Wash the precipitate 5 times by decantation with 10-ml 
portions of 1 per cent nitric acid. 

Dissolve the precipitate on the filter in 5 W ammonium hydroxide 
containing 0.5 g of citric acid. Pour thte on the filter in small portions, 
and catch the filtrate in the ori^n^ flask containing the bulk of the 
precipitate. Do not use more than 50 ml of the ammonium hydroxide. 
Warm the solution slightly to dissolve the precipitate, replace rmder 


^ Method of Lundell and Hoffman, Ind. Eng. CAem., 16, 172 (1923). 
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the funnel, and wash the filter with a little hot 5 per cent hydrochloric 
acid. If the ammoniacal filtrate is not clear at this stage, filter through 
the same filter and wash the filter with hot water. 

Make the solution acid with hydrochloric acid, and, without regard to 
a slight precipitate of molybdic acid, which, however, seldom forms in 
the analysis of alloys with low phosphorus, add 20 ml of magnesia mix- 
ture (Chapter IX). Heat to boiling and slowly add ammonium hydrox- 
ide till a precipitate forms or the solution is ammoniacal. Finally add 
enough 15 N ammonium hydroxide to make the solution 1.5 N with 
ammonia and allow to stand 4 hours. Filter, wash with cold 1.5 N 
ammonium hydroxide, and finish the analysis as described under “ Phos- 
phoric Acid” in Chapter IX. 

ANALYSIS OF BABBITT’S METAL 

The National Bureau of Standards distributes two standard alloys: 
one containing about 79 per cent lead, 11 per cent tin, and 10 per cent 
antimony; and another containing about 88.3 per cent tin, 7.3 per cent 
antimony, 3.8 per cent copper, and 0.6 per cent lead. The alloys con- 
tain traces of iron, bismuth, and arsenic which need not concern us here. 

Detennination of Lead 

Take samples of about 0.4 g, weighed carefully to four significant 
figures. Treat each sample in a 250-ml Erlenmeyer flask with 25 ml of a 
saturated solution of bromine in concentrated hydrochloric acid. After 
a few minutes, heat gently but take care not to boil off all the bromine 
until the alloy is entirely decomposed. Pay no attention to the forma- 
tion of a white precipitate of lead chloride. When none of the original 
alloy remains, heat to expel the excess bromine; the solution will 
become colorless or pale yellow in color. Remove from the heat and 
cool somewhat. Add 15 ml of 18 N H2SO4 (concentrated acid added 
carefully to an equal volume of water) and evaporate until dense fumes 
of sulfuric acid are evolved and all HCl is expelled. Cool, dilute to 
about 100 ml, and allow to stand at least an hour. Filter through a Gooch 
crucible that has been washed with alcohol and with ether and weighed 
after heating to about 400® (see p. 58). Wash the precipitate under 
gentle suction with six 5-ral portions of 1.8 N HjSO* and then with six 
portions of alcohol and finally four portions of ether. Dry the crucible 
at 105® for about 15 minutes, and then heat strongly inside a large 
crucible; cool in a desiccator and weigh. From the weight of this 
lead sulfate calculate the percentage of lead in the alloy. 
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Sometimes the results are high because some undissolved alloy remains with the 
lead sulfate. To recover this, wash the weighed PbSO^ repeatedly with hot 
2 N NH4C2Hs 02 until the washings give no test with KjCr04 solution; heat as 
before, cool, and weigh. Deduct the weight of residue from that of the impure pre- 
cipitate and make a corresponding cOTrection in the antimony determination. 

Determination of Antimony 

Digest accurately ■weighed 0.4-g samples of alloy in 250-ml flasks •with 
12 ml of concentrated HjSO^ and about 5 g of KHSO^. Heat over a 
free flame ■while constantly rotating the contents of the flask until all 
tire metal has ^ssolved and the contents of the flask fume strongly. 

It is desired to get the antimony into solution as Sb2(504li and the tin as Sn(S04)t. 

2Sb + 6H1SO4 = SbjfSOi)* + 3SO, + BHjO 
Sn + 4H2S04 = Sn(S04)2 + 2SO2 + 4HjO 
If the alloy is heated too gently, sometimes a part of the tin is left in the stannous 
condition, and this is fatal to the analysis. The acid should be heated nearly to 
the boiling point to accomplish the second stage in the oxidation of the tin. A black 
residue of finely divided antimony often requires prolonged heating. 

When the sample is completely decomposed and the sulfuric acid has 
fumed strongly for several minutes, allow to cool and then add very 
cautiously 5 ml of water. Follow this with 20 ml of 12 jV hydrochloric 
acid and boil gently for 3 minutes. Cool, add 100 ml of cold water, and 
titrate at a temperature below 15® with 0.1 N permanganate. The end 
point should remain for 20 seconds if the above directions were followed. 
Save the solution for the tin determination. 

According to Lxmdell,^ the solution should contain 10 to 25 per cent of concentrated 
HCl by volume, and approximately 10 per cent by volume of concentrated H2SO4 
is desirable. The above directions provide for 10 per cent of HCl and somewhat 
less than 6 per cent of H2SO4 by volume. The procedures recommended by the 
Bureau of Standards and by Lundell, Hoffman, and Bright call for less than 5 per 
cent H2S04. The titration of antimony with permanganate gives very accurate 
results when the conditions are right, and this method of determining antimony is 
used more than any other in commercial testing. If the conditions are not right, 
the end point may be very hard to find. For many years chemists avoided as much 
as possible all titrations 'with permanganate in the presence of hydrochloric acii 
because hydrochloric acid is easily oxidized to chlorine or hypochlorous acid, a reaction 
which is catalyzed by the presence of other substances such as ferrous salt. By 
keeping the solution cold, by makit^ sure that all tin, iron, etc., are oxidized by ^ 
sufficiently long treatment with hot sulfuric acid, and by adding appropriate quan- 
tities of hydrochloric and sulfuric acids, this oxidation of HCl is prevented. The 
titration reaction can be expressed as follows: 

SSb-H^- + 2Mti04~ + 12H*0 « SHaSbO* + 2Mn++ + 9H+ 
and the milliequivalent of antimony is 0.06088 g. 


* Applied Inorganic Analysis, p. 228. 



DETERMINATION OF TIN 


105 


Determination of Tin 

Transfer the titrated solution from the antimony determination to a 
500-ml Erlenmeyer flask; add 65 ml more of concentrated hydrochloric 
acid and about 2 g of test lead powder. Stopper the flask with a rubber 
stopper carrying a long glass tube which extends from the bottom of the 
stopper upward for about an inch and then bends do^vnwa^d through a 
wide arc to a point on the outside nearly level with the bottom of the 
flask when the stopper is inserted. Heat the contents of the flask to boil- 
ing and boil gently for 30 minutes. Then remove the flame and, without 
removing the stopper from the flask, insert the outer end of the tubing 
it carries into a beaker containing 200 ml of saturated NaHCOs solution 
(about 22 g of NaHCOj). While keeping the tubing in this NaHCOa 
solution, cool the contents of the flask by cold, running water. Cool 
slowly at first. At the end of the reduction wth lead, 

Sn-H^ + Pb = Sn-H- + pb-H- 

the flask is filled with steam; but as the contents cool and the steam 
condenses, the NaHCOj solution is sucked into the flask and CO 2 is 
formed which exerts a pressure and will force back the liquid in the 
tubing and perhaps bubble through the NaHCOj solution. In this way 
the flask becomes filled with COj rather than air, of which the oxygen 
would oxidize some of the stannous ions back to the stannic state. 
Finally cool to about 10® (using ice water or Dry Ice if necessary), add 
5 ml of starch indicator solution, and titrate fairly rapidly with 0.1 N 
iodine solution. 

Sn-f^- + 12 = Sn-H-H- + 21“ 

Instead of using the above device for filling the flask with CO,, a stream of COt 
gas can be kept passing through the solution during the reduction with Pb and 
particularly during the cooling of the solution. Some chemists add a lump or two 
of calcite (CaCOj) to the reduced solution which slowly dissolves in the acid with 
liberation of COj. A little Dry Ice placed m another flask will furnish a convenient 
BOUTcc of CO*. On piaang this flask in warm water, an abundant stream of CO* 
is evolved ^hich can be led into the flask containing the solution of the alloy by 
means of tubing extending nearly to the bottom of the flask containing the solution 
that is being analyzed The above scheme of sucking NaHCOj back into the solu- 
tion works nearly as well. It has been recommended that the iodine solution be 
added through tubing that runs through the stopper so that there is absolutely 
no chance for air to enter the flask during the titration. The titration of SnCI* 
with iodine is very accurate, but it is necessary to have all the tin in the stannous 
condition and to prevent any back oxidatiou by air, or the results of the analysb 
will be low. Various other reducing agents such as a coil of nickel wire, metallic 
iron, or powdered antimony have been recommended Instead of the test lead but 
in every case the chief source of trouble is oxidation by the air. ’ 
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Germanium, Ge. At. Wt. 72.60 
Forms: GeOj, Mg 2 Ge 04 

Germanium is a very rare element which resembles tin. In ordinary mineral 
analysis, practically all the germanium will be lost by volatilization as GeCl< during 
evaporation with HCl before removing the sflicic acid. This volatility of GcCl* is 
utilized for separating germanium from other elements. With a suitable distilling 
column, germanium can be separated not only from elements that do not form 
volatile chlondes but also from elements such as arsenic, tin, antimony, tellurium, 
and selenium that do.^ Germanium minerab are decomposed best by fusion with 
6 times as much of a mixture of equal parts Bodmra carbonate and sulfur in a covered 
porcelain crucible. In this way water-soluble NaiGeS, is formed. To make sure 
that a perfect separation b obtained, the melt is leached with water, filtered, and the 
fusion of the insoluble residue with sodium carbonate and sulfur repeated. The com- 
bined aqueous extracts of the melts are made strongly acid with HcSO, and the pre- 
cipitated GeSi, SnSa, AsiS,, etc., filtered off. When no other element of this group 
is present, the wldte GeSi can be converted into (a) GeOj or (b) MgjGe04 as follows: 

(a) Dissolve the white GeSa in small portions of strong ammonia solution and 
catch the solution in a weighed platinum dbh or large crucible. Wash the filter 
with small portions of water until the filtrate b colorless. Add 20 ml of 3 per cent 
HiOs and allow the oxidation to take pbce in the cold. Evaporate the solution to 
dryness and heat to 105*. Moisten the residue with HjSO« and heat carefully over a 
free fiame and finally to constant weight at 900*. Weigh os GeO,. 

. (b) Dissolve the GcSj precipitate in ammonia as in (o) and oxidize with HsOj. 
Heat imtil all excess peroxide is removed. Make slightly acidic with HtSO*, dilute 
to 100 ml, and add 20-25 ml of 2 N (NH«)tS 04 solution and 15-25 ml of N MgS 04 
solution. Add strong ammonia slowly until an excess of 15-20 ml has been added 
for each 100 ml of solution. Allow to stand over night, filter, and wash with small 
portions of I. 5 NNH 4 OH. Igmte in a porcelain crucible, as with magnesium 
ammonium phosphate (see “ Magnesium ”), and weigh as MgjGeOi. 

To determine germanium in germaniferous zme oxide, proceed as follows: 

Take 20-100 g of oxide, triturate to a paste with water, and transfer to a flask 
containing NaOH solution. A proper mixture b 1 part NaOH, 2 parts crude zinc 
oxide, and 5 parts water. Provide the flask with a three-holed rubber stopper carry- 
ing gas inlet tubing which reaches to the bottom of the flask, a small dropping funnel, 
and a small distilling column, 20 mm in diameter and 80 cm long, filled with glass 
beads and surrounded by a glass jacket tube. To the end of the dbtilling column 
attach a Liebig condenser, and to the other end of the condenser attach an adapter 
which passes through a two-holed rubber stopper to the bottom of a small Erlen- 
meyet flask. Connect tWs flask with a second flask by means of tubing winch 
reaches from the bottom of the stopper of the first receiver to the bottom of the 
second flask. Add water to each flask suffident to cover the inlet tubes, and immerse 
the flasks in ice water. Abo immerse the dbtilling flask in cracked ice, fill the 
apparatus with chlorine, and slowly add concentrated HCl through the dropping 
funnel until all the NaOH b neutralized and then excess HCl equal to twice the 


* Dennb and Papbh, J. Am. Chem. Soe,, 43, 2140 (1921); James and Fogg, ib(d., 
6X, 1459 (1929); Dennb and Johnson, tbuf., 46, 1380 (1923); Johnson and Dennb, 
ibid., 47, 790 (1925). 
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weight of zinc oxide. Remove the ice and heat gently. Distil until half the liquid 
in the flask is gone, add an equal volume of concentrated HCI, and distil again. 
Repeat this a third time. Finally saturate the contents of the two Erlenmeyer flasks 
with HjS and allow to stand 24 hours. Filter off the GeSj and analyze as above. 

AsjSj and GeS 2 can be separated by dissolving them in ammonia, adding a hberal 
quantity of HF in a platinum dish, and precipitating the arsenic with HjS. The HF 
converts the germanium to HjGeF*, and the GeF* anion does not react with HjS 
(cf. Vol. I). 


Selenium, Sc. At. Wt. 78.96 

Selenium is usually determined as the element itself. Two cases 
are to be considered: 

(а) The selenium is present as alkali selenite or as HzSeOs. 

(б) The selenium is present as alkali sclenate or as H 2 Se 04 . 

(a) The Selenium Is Present as Selenite or as Free HsSeOj. Make 
the solution acid with HCI, saturate with SO 2 gas, boil, filter through a 
Gooch crucible, and wash, first with water then with alcohol. Dry the 
residue at 105® and weigh. 

Remark. The precipitation of selemum by SOj is quantitative whether the 
solution is concentrated or ddute, but it takes place more readily in the presence of 
considerable acid. This fact is of importance in the separation of selenium from 
tellurium, for the latter element is not precipitated by SO* when considerable hydro- 
chloric acid is present (cf. p. lOS). 

In the presence of nitric acid the precipitation of selenium by sulfurous 
acid is incomplete. In such cases, the nitric acid may be removed by 
boiling with hydrochloric acid in a flask with a return-flow condenser. 
Evaporation in an open vessel is not permissible as considerable se- 
lenium is volatilized even in the presence of dissolved alkali chloride. 
It is safer to precipitate the selenium with hydrazine sulfate or hydra- 
zine hydrate when nitric acid is present. 

Add ammonium hydroxide to the nitric acid solution until it is faintly 
ammoniacal and then make slightly acid with hydrochloric acid. Cover 
the Erlenmeyer flask with a w'ateh glass, add an excess of hydrazine 
sulfate or hydrate, and boil until the precipitated red selenium coagu- 
lates and changes into the easily fiUrable gray modification with a clear 
supernatant solution. Filter into a Gooch or Munroe crucible, wash 
with hot water and then with alcohol, dry at 105®, and weigh the 
selenium. 

Phosphorous acid does not precipitate selenium from cold, dilute, 
strongly acid solutions; this fact is utilized in the separation of selemum 
from mercurj' (cf. p. 111). 
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(b) The Selenium Is Present as Alkali Selenate or as Free H 2 Se 04 . 
As selenium in the form of selemc acid is not precipitated by sulfur 
dioxide, phosphorous acid, or hydrogen sulfide, it must be first reduced 
to selenious acid by long-continued boiling -with hydrochloric acid (cf. 
Vol. I); the above procedure is then followed. This tedious operation 
is unnecessary, however, if the precipitation is effected with hydrazine 
hydrate or sulfate as described under (a). 

In practice, seleruum is obtained usually in neither of the above forms, 
but as impure selemum (selenium sponge) or as selenide, and by the 
treatment of these substances one or the other of the above selemum 
compounds is obtained. 

If the selenium or selenide is made to react with concentrated nitric 
acid,^ or aqua regia, all of it is dissolved in the form of selenious acid 
(not selenic acid), and the selemum can be precipitated with hydrazine 
hydrate or sulfate as described under (a). 

If the finely powdered selenium or selenide is intimately mixed with 
2 parts sodium carbonate and 1 part potassium nitrate, placed in a 
nickel crucible, covered with a layer of sodium carbonate and potas- 
sium nitrate, and heated gradually until it fuses, all the selenium forms 
alkali selenate and on extracting the melt with water it goeg into solu- 
tion; in this way it is separated from most of the remaining oxides, 
The solution, however, often contains small amounts of lead. In 
order to remove lead, treat the filtrate with hydrogen sulfide, and again 
filter; free the solution from hydrogen sulfide by boiling, strongly acidify 
with hydrochloric acid, boil until no more chlorine is evolved, and pre- 
cipitate the selenium by sulfur dioxide according to (a). 

Remark. The ndxture mxist be heated very slowly, as otherwise some selemum 
is likely to be lost by volatilization. In working with selenium it must be borne in 
mind that selemum is easily volatilized os SeO*-2HCl. 1! the solution is less than 
6 N in HCl xt can be heated on the steam bath without serious loss, but when stronger 
acid is used and the solution is evaporated to dryness on the steam bath, a very serious 
loss results. Alkali salts do not prevent volatilization, and volatile Se^Cl, is easily 
formed in strong HCl solutions containing reducing agents or filter-paper fiber. In 
ordmary work when no provision is made for selenium or tellurium, they are likely 
to be reported as aluminum. If any considerable quantity of either were present it 
would be revealed in reductions incidental to the determination of iron. 

TELLimiUM, Te. At. Wt. 127.6 

Tellurium is usually detemuned as the element itself. 

If sulfur dioxide is conducted into a hydrochloric acid solution con- 
taining tcllurous acid, black tellurium is precipitated quantitatively, 

* Mercury selenide is not acted upon by nitric acid, but is dissolved by aqua regia. 
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provided that the solution does not contain too much acid. If tellurous acid 
is dissolved in 200 ml of concentrated hydrochloric acid, no tellurium will 
be precipitated on passing sulfur dioidde into the cold solution. If, 
however, the solution is diluted with an equal volume of water and sulfur 
dioxide is passed into the boiling solution, all the tellurium will be 
precipitated. Filter off the precipitate, wash with water until free from 
chlorides, then with alcohol, dry at 105®, and weigh. The oxidation of 
the tellurium during the drying is so slight that it can be disregarded. 

From solutions of telluric acid, tel urium is not precipitated by means of sulfur 
dio^dde. From such solutions the precipitation can be accomplished by boiling for a 
long time under a return-flow condenser with strong hydrochloric acid which reduces 
telluric acid. According to Gutbicr, this reduction is unnecessary if hydrazine 
hydrochloride or hydrate is used to precipitate the tellurium. 

2H,TeO« -t- 3(N,Hv2Ha) = 12H^ + 6HC1 + 3N, + 2Te 

Lenhcr and Homberger prefer to use both hydrazine hydrochloride and sulfurous 
acid. Their procedure is as follows: To the solution of tellurite, tellurate, or the 
corresponding acids, containing about 0.5 g of tellurium, add 25 ml of 3 N hydrochloric 
acid, 10 ml of a 15 per cent solution of hydrazine hydrochloride, and 35 ml of satu- 
rated sulfur dioxide solution Boil 5 minutes, filter, wash with hot water till free 
from chloride, then with alcohol, dry at 105®, and weigh as tellurium. The entire 
analysis can be made in an hour. 

Separation of Selenium and Tellurium from the Metals of 
Groups HI, IV, and V 

By conducting sulfur dioxide into t!ic solution fairly acid with hydro- 
chloric acid, the selenium and tellurium will be quantitatively precipi- 
tated while the other metals remain in solution. 

Separation of Selenium and Tellurium from the Metals of Group II 
(a) From Copper, Dismulhf and Cadmium 

Pass sulfur dioxide into the boiling solution containing hydrochloric 
acid, whereby all the selenium and tellurium and usually some of the 
bismuth arc precipitated. Filter and wash the precipitate irith hot 
water. Dissolve it in nitric acid, evaporate the solution to dryness 
take up in concentrated hydrocliloric acid, dilute nith a little water, 
and precipitate irilh liydrogen Fulfide. Wash tlic precipitate, consist- 
ing of the Fulfidc.s of selenium, tellurium, and bismuth, and treat nith 
sodium sulfide solution; selenium and tellurium pa.ss into solution while 
the bi.«mulh remains behind as il.s brown sulfide and is filtered off. 

Make tlic solution containing the selenium and tellurium neid with 
nitric acid, carefully evaporate to drjme^, and boil the rc.riduc with 
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200 ml of concentrated hydrochloric acid, imtil there is no longer any 
evolution of chlorine. Filter off the deposited sulfur through a Gooch 
crucible, and saturate the filtrate with sulfur dioxide gas; all the sele- 
nium is precipitated in this way. Filter off the selenium through a 
Gooch crucible and wash successively with 10 N, 6 N, and 2 N hydro- 
chloric acid, and finally mth absolute alcohol. Dry the precipitate at 
105® and weigh. Dilute the filtrate with an equal volume of water and 
precipitate the tellurium by passing sulfur dioxide into the boiling 
solution. Wash this precipitate with water until free from chlorides, 
then with absolute alcohol, dry at 105®, and w^igh. 

Remark. The above method is suitable for the separation of seleniiun and 
tellurium from small amounts of bismuth, but does not effect a good separation of 
selenium (and tellurium) from copper. In this case, more or less copper selenide is 
formed according to the conditions, and this compound is not decomposed quanti- 
tatively hy sodium sulfide.^ The followmg method of B. Brauner and B. Kuzma* 
is more satisfactory. 

Precipitate the tellurium and selenium in a pressure flask, by means 
of SOa, filter off the precipitate, which is contaminated with copper, 
antimony, and bismuth (using a Gooch crucible), wash, dissolve in 
nitric acid, evaporate the solution to dryness, and take up the residue 
in caustic potash solution (1 : 6). To the alkaline solution in an Erlen- 
meyer flask upon a water bath, add little by little 4-6 g of ammonium 
persulfate, whereby the potassium tellurite is oxidized to potassium 
tellurate and the selenite to selenate. When all the persulfate has 
been added, boil the solution to decompose the excess of persulfate, 
make acid with sulfuric acid, and allow to cool. Now, add 100 ml of 
HjS-water, expel the excess of the by passing CO 2 through the 
solution, filter off the precipitated CuS (BijSs, SbaSs), and treat as 
described on pp. 78-81. Boil the filtrate \rith hydrochloric acid to reduce 
the telluric acid to tellurous acid, reduce the solution by SO 2 , aud 
analyze as described above. 

The first filtrate from the impure Te and Se will contain the greater 
part of the Cu, Bi, etc. 

(6) From Antimony, Tin, and Arsenic . - ' 

If considerable antimony is present, add tartaric acid to the solution, 
and precipitate the selenium and tellurium by boiling with sulfur 
dioxide. 


* Cf. E. Keller, J. Am. Chan. Soc., 19, 771. 
*Ber., 1907, 3362. 
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According to Muthmann and Schroder* this method of separating 
tellurium from antimony is not quantitative; some antimony is always 
precipitated with the tellurium. A. Gutbier,* however, finds that a 
perfect separation can be accomplished by means of hydrazine hydro- 
chloride (not the sulfate). 

(c) From Mercury 

Dissolve the mercury selenide, or telluride, in aqua regia, add chlo- 
rine water, and dilute the solution largely with water. Add phos- 
phorous acid;^ after 24 hours’ standing, the mercury is precipitated 
completely as mercurous chloride, and can be determined as such 
according to p. 55. Make the filtrate slightly alkaline with potassium 
hydroxide, evaporate nearly to dryness, dilute, and separate the sele- 
nium from the tellurium according to the method of Keller (see below). 

(d) From Gold and Silver 

The separation of selenium and tellurium from silver offers no diffi- 
culty, inasmuch as the silver can be precipitated by hydrochloric acid 
and determined as the chloride. 

Precipitate the gold as described on p. 128 by oxalic acid and the 
selenium and tellurium in the filtrate by means of sulfur dioxide. The 
three metals may also bo precipitated together by sulfur dioxide, 
weighed, and the selenium and tellurium afterward volatilized by roast- 
ing, leaving the gold behind. 

Tellurium may be separated from gold by precipitating the gold 
with ferrous sulfate. Selenium, however, is also precipitated quantita- 
tively by ferrous sulfate from solutions strongly acid with hydrochloric 
acid. 

Separation of Selenium from Tellurium 
Method of E. Keller* 

Keller’s method is based upon the fsict that tcllurous acid is not precipitated from 
solutions strongly acid with hydrochloric acid while selenium is precipitated quanti- 
tatively. 

Procedure. Dissolve the mixture of the two elements, obtained by 
precipitation with sulfur dioxide, in nitric acid and carefully evaporate 

^Z. anorg. Chem , 14, 433 (1897). 

* Z. onorg. Chem., 32. 2r>3 (1902). 

* Sclenioua and tellurous acids ore not precipitated by phosphorous acid from dilute 
hydrochlone acid solution, but arc precipitated from hot concentrated solutions. 

* J. Am. Chem. Soe., 19, 771. 
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to dryness. Treat the dry mass with 200 ml of concentrated hydrochlo- 
ric acid, boil to remove the nitric acid, and saturate with sulfur dioxide. 
Filter off the precipitated selenium through a Gooch crucible, wash 
first with 10.8 N hydrochloric acid, then with dilute hydrochloric acid, 
then with water until free from chloride, and finally with absolute al- 
cohol. Dry the selenium at 105® and weigh. Dilute the filtrate with 
an equal volume of water, heat to boiling, precipitate the tellurium by 
sulfur dioxide, and treat like the selenium. 

According to Keller, this method gives satisfactory results as long 
as the amount of tellurium present does not exceed 5 g. Even then 
the separation can be effected by increasing the amount of acid to 450 ml. 

Determination of Selenium and Tellurium in Crude Copper 

Many copper ores contain selenium and tellurium, and the crude 
copper obtained from such ores always contains these elements. The 
amount present may be determined, according to Keller,^ as follows: 
Accor<fing to the amounts of selenium and tellurium present, take 
6-100 g of the copper for analysis. Dissolve the sample in nitric acid, 
and add an excess of ammonia to precipitate the phosphorus, ar- 
senic, antimony, tin, bismuth, selenium, and tellurium together with 
ferric hydroxide;® the copper is held in solution by the excess of am- 
monia. Filter off the precipitate and wash with dilute ammonia water 
until the copper is completely removed. Dissolve the precipitate in 
hydrochloric acid and saturate this solution with hydrogen sulfide in 
the cold; selenium and tellurium together with arsenic, antimony, tin, 
and bismuth are thrown down as sulfides and are separated by filtration 
from the iron and phosphorus. Treat the precipitate thus obtained 
with sodium sulfide solution, and filter. The filtrate contains all the 
selenium and tellurium in the presence of arsenic, antimony, and tin 
as thio salts. Make acid with nitric acid and carefully evaporate to 
dryness. Dissolve the residue in 200 ml of concentrated hydrochloric 
acid and treat as described on p. 111. 

Determination of Selenium in Steel® 

Cover 25 g of steel with 125 ml of water and gradually add 130 g of 
-pure iodine while stirring. This dissolves the metal and any tellurium 
present but leaves a residue of oxides, selenides, and elementary selenium, 

* J . Am. Chem. Soc., 22, 241. 

* About 0.2 g of ferric iron should be present. If necessary, add some iron dis- 
solved in nitric acid. 

* Methods of the Chemists of the U. S. Steel Corporation. 
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Filter and wash with 10 per cent KI solution until all Pels is removed and 
then a few times with water to remove KI. Place the filter paper and 
precipitate in the flask of an all-glass Soxhiet extraction apparatus in 
which the thimble is omitted and the thimble compartment is filled with 
glass beads. Add 20 ml of 70 per cent HClOt to the flask and heat gently 
until the filter paper is destroyed. When condensate appears in the 
thimble compartment and the HCIO4 is fuming strongly, cool somewhat, 
disconnect the Soxhiet condenser, and rinse the connections into the 
flask. Then rinse the condenser with concentrated HCl which flows into 
the thimble compartment; disconnect the condenser, and rinse it and 
the connections with a little water. Finally pour concentrated HCl 
over the beads until enough is present to start the automatic siphon 
and make the washings run into the flask. The volume of the entire 
solution should not exceed 90 ml at this point. 

Filter through a glass or Alundum crucible and wash with 10-15 ml 
of concentrated HCl. Add 50 ml of concentrated HCl which has been 
freshly saturated with SO 2 . Allow to stand until the red selenium 
settles, filter through a Gooch crucible, and wash with cold, concentrated 
HCl and finally with water until free from chloride. Wash 4 times with 
5-ml portions of alcohol and 4 times with ether, drain 6 minutes with 
suction and 15 minutes at 100®. Cool and weigh as Se. 

molybdenum, Mo. At Wt. 96.96 
Forms : M 0 O 3 , PbMoO^ 

If the molybdenum is present as ammonium molybdate, heat a 
weighed portion in a spacious porcelain or platinum crucible, at first 
carefully and later to a dull red heat; this leaves the molybdenum tri- 
oxide behind in the form of a dense powder, appearing yellow when 
hot and almost white when cold. There is no danger of losing any of 
the molybdenum by volatilization, provided that the dull red heat is not 
exceeded. 

If the molybdenum is present as alkali molybdate, change it to 
mercurous molybdate or to its sulfide, and then analyze as described 
below. 


Precipitation of Molybdenum as Molybdenum Sulfide 

The precipitation of molybdenum as the sulfide can take place in 
two ways: either the acid solution may be precipitated by hydrogen 
sulfide gas, or the solution of ammonium thiomolybdate may be acidified 
\rith dilute acid. 
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(а) Precipitaiion of Molybdenum Sulfide from Add Solutions 
Place the molybdenum solution, slightly acid ■with sulfuric acid,* 

in a small pressure flask and saturate in the cold with hydrogen sulfide. 
Close the flask, heat on the water bath until the precipitate has com- 
pletely settled, and filter after it has become cold. Wash the pre- 
cipitate with very dilute sulfuric acid and finally with alcohol until 
the acid has been completely removed. Place the moist filter in a 
large porcelain crucible and dry upon the W'ater bath. Cover the 
crucible and heat very carefully over a small flame until no more hydro- 
carbons are expelled. Then remove the cover, bum off the carbon 
from the sides of the crucible at as low a temperature as possible, and, 
by raising the temperature gradually, change the sulfide to oxide. The 
operation is finished when no more sulfur dioxide is formed. After 
cooling, add a little mercuric oxide suspended in water to the contents 
of the crucible, stir the mixture well, evaporate to dryness on the water 
bath, remove the mercuric oxide by gentle ignition, and weigh the residue 
of molybdenum trioxide. The mercuric oxide helps to remove particles 
of unbumed carbon. 

It is much easier to transform the molybdenum trisulfido into the 
oxide as follows*. Pilter off the sulfide into a Gooch crucible, wash with 
water containing sulfuric acid, and then with alcohol, and dry at 100® C. 
Place the crucible within a larger nickel one, cover with a watch glass,* 
and carefully heat over a small flame until the sulfide is for the most 
part changed to the oride. As soon as the odor of sulfur dioxide can 
no longer be detected, remove the watch glass and heat the open cru- 
cible to a constant weight. The molybdenum oxide thus obtained 
always contains traces of SO?, and consequently has a bluish appear- 
ance. The results, nevertheless, are excellent. 

(б) Predpiiation of Molybdenum Sulfide from Alkaline Solutioi} 

To the molybdenum solution add an excess of ammonium hydroxide 

and saturate the solution -with hydrogen sulfide until it assumes a 
bright red color. Make acid with sulfuric acid and treat the precipi- 
tate as described under (a). 

Separation of Molybdenum from the Alkali ne Earths 
Fuse the substance wth sodium carbonate, extract the melt ■with 
water, and filter. The solution contains all the molybdenum as alkali 

* In 6ome cases, e g., foi the sepaTaiion ot Mo Irora Ba, Sr, and Ca, it is necessary 
to effect the separation in a hydrochloric acid solution. 

* To avoid loss by decrepitation. 
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molybdate, while the alkaline earths remain undissolvcd as carbonates. 
From the aqueous solution determine the molybdenum by one of the 
above methods. 

Separation of Molybdenum from the Metals of the 
Ammonium Sulfide Group 

Precipitate the molybdenum as sulfide (preferably from a sulfuric 
acid solution) by treatment with hydrogen sulfide under pressure (see 
p. 114). If the solution contains titanium, it is better first to add am- 
monia and ammonium sulfide, so that the metals of Group III will be 
precipitated and the molybdenum will remain in solution in the form 
of its thio salt. After filtration, precipitate the molybdenum as sulfide 
by the addition of acid (sec p. 114, 6). 

Separation of Molybdenum from the Metals of Group n 

(a) From Lead, Copper, Cadmium, and Bismuth 

Make the solution alkaline with sodium hydroxide, add sodium sul- 
fide, digest for some time in a closed flask, and filter. The molybdenum 
remains in solution as its thio salt, while the other metals are precipi- 
tated ns sulfides. After filtering, acidify the solution with sulfuric acid 
and heat in a pressure flask until the precipitate has settled and the 
supernatant liquid appears colorless. After allowing to cool, filter 
off the molybdenum sulfide and convert to oxide, as described on p. 114. 

(6) From Arsenic 

Add ammonium hydroxide to the solution, which must contain 
the arsenic as arsenic acid, and precipitate the arsenic by magnesia 
mixture (sec p. 83), and filter. Make the filtrate acid with sulfuric 
acid and precipitate the molybdenum as sulfide as described on p. 114. 

Separation of Molybdenum from Phosphoric Acid 

Precipitate the pho'^phoric acid from the ammoniacal solution as 
magnesium ammonium phosphate (cf, p. 83) and the molybdenum 
as sulfide in the filtrate (cf. p. 114, «). Another way is to saturate the 
ammoniac.al solution with hydrogen sulfide, acidify with hydrochloric 
acid, and thus precipitate the molybdenum as sulfide. In this filtrate 
precipuate the phosphoric aci<! ns magnc.sium ammonium phosphate 
under the customarj’ conditions. 
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Determination of Molybdenum as Lead Molybdate' 

Weigh out 0.5-5.0 g of tho findy powdered ore into a 250-ml Erlen- 
meyer flask (not more than 0.15 g of Mo or 0.25 g of M0S3 should be 
taken), and heat with 15 ml of concentrated nitric acid until the brown 
fumes are gone. Tlien add 10 ml of concentrated hydrochloric acid 
and evaporate to a small volume. Add 15 ml of- 18 N sulfuric acid 
and evaporate to fumes of sulfuric acid. Cool, add 50 ml of water, 
and boil gently for a few minutes. Filter into a 150-ml beaker. Wash 
the PbSOi and Si02 residue with hot water, then 6 to 8 times with 
4 N ammonia, and finally with hot water. 

If arsenic is present add a little ferric sulfate at this point to make 
sure that 10 times as much iron as arsenic is present. Usually 0.3-0.4 g 
of the ferric salt is sufficient. This insures the precipitation of all the 
arsenic as ferric arsenate upon neutralization. Nearly neutralize the 
solution with ammonia, heat to boiling, and pour slowly into 75 ml of 
hot 9 N ammonia solution contmning 3 g of sodium carbonate. The 
carbonate serves to precipitate alkaline earths if present. Stir well, 
and filter when the precipitate has settled. Wash with hot water. If 
arsenic is absent, omit the details described in this paragraph. 

To the filtrate add 3 g of tartaric acid and saturate the alkaline solu- 
tion with hydrogen sulfide. The tartaric acid is necessary to prevent 
the subsequent precipitation of vanadium and tungsten with the molyb- 
denum. Filter off any precipitate that may form in this alkaline solu- 
tion and wash with water containing hydrogen sulfide. To the filtrate 
add 6 N sulfuric acid until there is no further effervescence. Heat for 
a short time, filter off the M 0 S 3 precipitate, and wash with very dilute 
sulfuric acid saturated with hydrogen sulfide. 

Dissolve this last sulfide precipitate in a little aqua regia and evapo- 
rate with hydrochloric acid to remove the nitric acid and the greater 
part of the excess acid. Dilute to 300 ml and neutralize with ammonia 
until alkaline to methyl orange. Then add 4-5 ml of 6 N hydrochloric 
acid, 10 g of ammonium acetate, and 2 ml of acetic acid. Heat to boiling 
and add 2 per cent lead acetate solution slowly from a buret, while 
stirring, until a drop of the solution tested on a spot plate will show 
no color change with fresh, 0.5 per cent tannin solution (Chapter 
XVII, Procedure 19). A browm color is obtained before all the molyb- 
denum has been precipitated. Next add 2-5 ml excess lead acetate 
and 5-10 ml of acetic acid. Heat on the hot plate nearly to boiling 
for 15-20 minutes, filter while hot, and wash with hot dilute ammo- 
nium nitrate solution. Ignite carefully and weigh as PbMo04. 


* Sec U. S. Bur, Mines, Bull, 212, and Descriptive Circ. G079. 
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Detennination of Molybdenum in Steel 

Solution of the Sample, (a) Tungsten Absent. Treat 2-5 g of 
sample (approximately 0.03 g Mo) nith 100 ml of 6 iV H2SO4 and heat 
until action ceases. Add 20 ml of 25 per cent (NH4)2S208 solution and 
boil 10 minutes to oxidize the molybdenum to the sexivalent state. Cool 
somewhat, add 5 g of tartaric acid, neutralize with ammonia, make acid 
TNith sulfuric acid, and add 10 ml of 18 N H2SO4 in excess for each 100 ml 
of solution. 

(6) Tungsten Present, Treat enough sample to contain about 0.03 g 
Mo with 100 ml of 6 iV HCl. Heat gently, and when most of the sample 
has dissolved add 25 ml of 6 iV HNOj and boil gently until the tungstic 
acid residue becomes bright yellow. Dilute to 150 ml, heat to boiling, 
filter, and wash the residue with 1.2 JV HCl. Save this residue and, 
after uniting it wth any further deposit of WOs, examine it for Mo as 
described in the next paragraph. To the solution add 15 ml of concen- 
trated H2SO4, evaporate to fumes, cool, carefully dilute with 100 ml of 
water, and, if there is any residue of tungstic acid, filter it off, wash it 
with 0.30 N H2SO4, and combinp it with the first residue. 

Dissolve the combined tungstic acid residues in hot 5 per cent NaOH 
solution; wash the filter paper with hot water and finally with a little 
dilute H2SO4. Treat this solution separately \\ith HjS as described 
below for the main solution. 

Precipitation with HjS. To the solution add 5 g of tartaric acid, 
neutralize with NH4OH, then add 18 N H2SO4 to an acid reaction and 
10 ml in excess for each 100 m! of solution. Heat to boiling, and intro- 
duce a rapid stream of HjS for about 20 minutes. Dilute with an 
equal volume of Iiot water and continue passing the H2S for 5 minutes 
more. Digest at GO® for an hour. Filter and wash the M0S3 precipitate 
with 0.30 N H2SO4 which is saturated with H2S. 

Precipitation with Lead Acetate. With a stream of water from a 
wash bottle, transfer the precipitate back to the original beaker, place 
this under the funnel, and dissolve any precipitate adhering to the filter 
by pouring through the filter four5-mI portions of hot C N HCl contain- 
ing a little Br2. Finally wa-^sh tlic paper with hot water and reser\'o it 
for the next filtration. To the contents of the beaker add 20 ml of con- 
centrated HCl and 3 g of NaCIOj. Boil gently until all the MoSj has 
dissolved, filter through (ho same paper that was used before, and wash 
with hot water. Rcsorv’c the filtrate. 

Heal the filter and its contents in a porcelain crucible until all the car- 
bon is con?umc<l, cool, and digo.st the ash wth a little, freshly prepared 
5 per cent KaOII solution. Add the solution to the resen-ed filtrate. 
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Nearly neutralize the entire solution with NaOH and pour the slightly 
acid solution into 100 ml of boiling-hot 5 per cent, freshly prepared 
NaOH solution. Filter, wash the precipitate with hot water, and save 
the filtrate which contains practically all the Mo. To recover any Mo 
in the precipitate, dissolve it in hot 6 N HCl, nearly neutralize, and pour 
the solution into about 25 ml of hot 5 per cent NaOH solution. Filter 
and add this filtrate to the main solution. 

Neutralize the solution with HCl and add 8 ml of 6 N acid in excess. 
Evaporate, if necessary, to 250 ml, and to the clear solution add 50 ml of a 
20 per cent solution of ammonium acetate. Heat to boiling and, while 
stirring, add a 1 per cent solution of lead acetate which contains 10 ml 
of acetic acid per liter. If an appreciable quantity of Mo is present it is 
usually shown by the solution suddenly clearing when a slight excess of 
reagent has been added. Usually 10 ml of the reagent is sufficient. Boil 
2-3 minutes, allow the precipitate to settle, and test with a little more 
of the reagent to make sure that all the Mo is precipitated as PbMoO*. 

If the precipitation is complete, boil for 10 minutes, let the precipitate 
settle, filter through an ashless paper, and wash with hot 2.5 per cent 
NH4NO3 solution imtil free from chloride. 

If the precipitate is large, dissolve it la hot 6 N HCl, heat to boiling, neatly neutra- 
lize with ammonia until a slight permanent precipitate is obtained, add 10 ml of 
50 per cent ammonium acetate solution, a little more lead acetate reagent, boil 2 
minutes, allow to settle, filter, and wash as before. 

Transfer the paper and precipitate to a weighed porcelain crucible, bum off the 
carbon carefully, and beat to dull redness. Cool and weigh as PbMoO*. 

SEPARATION OF ARSENIC, ANTIMONY, AND TIN 
FROM ONE ANOTHER 

Arsenic from Antimony 

For separating arsenic from other elements one of the following properties can be 
utilized: (1) Arsenic pentasulfide is less soluble than most other sulfides and can be 
formed by introducing hydrogen sulfide into a cold solution containing quinquevalent 
arsenic which has been made strongly acid by adding considerable concentrated 
hydrochloric acid. (2) Arsenic tnchlonde is easily volatilized from solutions con- 
taining tnvalent arsenic and hydrochloric add. (3) Arsenic in the quinquevalent 
state forms characteristic precipitates of MgNH^AsOffiHsO and of AgaAsO«. 

The volatility of AsCl* is the basis upon which the best methods of separating 
arsenic from other elements rest. This volatihty must also be borne in mind in all 
work with arsenic compounds, and solutions of quinquevalent arsenic should not be 
boiled long with hydrochloric acid as there is danger that some arsenic trichloride 
will be formed. Germanium is the only other element likely to be volatilized with the 
AsCli imder the conditions recommended for the analysis, and in those rare cases 
where germanium 13 present, it can be volatilized as GeCl* in a stream of chlorine; 
later the arsenic can be reduced and distQIed off m a stream of hydrogen chloride gas. 
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(a) Volalilization Method of E. Fischer^ 

Principle. This separation depends upon the ready volatility of arsenic tri- 
chloride in a current of hot hydrochloric acid gas, under which conditions antimony 
chloride is not volatile if the temperature is kept below 105®. If the arsenic is 
present as arsenic acid, as is usual, the distillation must take place in the presence of 
some reducing agent.* 

Procedure. Use an apparatus similar to that shown in Fig. 30 for 
this determination. In the course of analysis, the arsenic and antimony, 
as a rule, are obtained first as sulfides, and these should be dissolved in 
caustic potash solution and oxidized by chlorine. Instead of using 



chlorine, the alkaline solution may be boiled with hydrogen peroxide 
or potassium percarbonatc. If this method is followed for the oxidation, 
the boiling must be continued until them is no further evolution of 
oxj’gcn. 

Transfer the oxidized solution, by means of a long-stemmed funnel, 
to the 500-ml distilling flask, A, in which has been placed 1.5 g of potas- 
sium bromide.® Dilute the solution in the flask with 12 hydro- 
chloric acid to a volume of about 200 ml. The receiver, 1'’, consists of 
a lai^e flask of 1.5- to 2-nter cap.acity ; keep it cold by circulating a stream 
of cold water. At the start place 800 ml of cold water in the beaker, 
and during the analysis keep cold water running through the condenser 

*Z. onaf. Chem., 21, 2CG. The process as described in the modification of M. 
Rohmer, Ifer., 34, 33 and 1505 (1901). 

* Fischer used a ferrous salt, O. Piloty and A. Stock used hydrogen sulfide (Bct. 
SO, 1019), and rnedhcim and Micbac]i3U5cd methyl alcohol (Cfr., 28, 1414). ' 

‘Instead of tlic potassium bromide, hydrogen bromide may be used ^hich has 
previously been prcp.ircd by treating 1 g of bromine w ith sulfurous acid. It is not 
pcrmi<5siblc to intrwluce the bromine into the Ibisk, A, and convert it there to hydro- 
gen bromide by introducing sulfur dioxide gas into the fia^k, because it is then possible 
for bromine vapors to gel into the receiver by means of the air which is first expelled 
from Uie appamtas, and the bromine would oxidize the volatihred AsCl, and thus 
interfere with the subsequent determination of the arsenic by precipitation as the 
tnsulfide, or by titration. 
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and have it overflow into the beaker containing the receiving flask. 
With the apparatus all connected as shown in the drawing, heat the 
distilling flask and distil in a current of hydrogen chloride,^ meanwhile 
constantly passing a little sulfur dio^de into the flask. At the end of 
about 45 minutes, when the volume of liquid in A is reduced to about 
40 ml, remove the flame and (Ksconnect the T-tube between the two 
evolution flasks in order to prevent liquid from backing up into the wash 
bottles. Rinse off the adapter tube which connects the condenser with 
the receiver, and remove the receiver. 

Place another receiver at the end of the apparatus and make a second 
distillation to make sure that all the arsenic has been volatilissed.® 



Then, for the determination of the areenic, dilute the contents of the 
two receivers with hot water to a volume of about 1250 ml, and remove 
the excess of sulfurous acid by heating to boiling and passing a stream 
of carbon dioxide through the liquid as is shown in Fig. 31. When all 
the sulfur dio:dde has been expelled (as can be shown by inserting a 
stopper with delivery tube into the flask so that the escaping vapors 
can be led into a dilute sulfuric acid solution of decinormal permanganate 
which will be decolorized by sulfur dioade), allow the solution to cool 
and determine the arsenic as trisulfide according to the directions on 
p. 82, or titrate the arsenic with iodine. 

To accomplish the titration, add 3 drops of phenolphthalein indicator 
solution to the solution and add solid potassium hydroxide until a per- 

* If there is any tendency to suck back, a little more sulfur dioxide should be 
introduced. 

* Rohmer found that as much as 0.15 g arsenic was volatilized completely by one 
distillation. 
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manent pink color is imparted to the liquid. Then decolorize the solu- 
tion by a few drops of hydrochloric acid, add 5 g of sodium bicar- 
bonate, and titrate \vith decinormal iodine solution as described in 
Part lU 

Determine the antimony by treating the contents of the distilling 
flask with 2 or 3 g of tartaric acid, washing the solution into an Erlcn- 
meyer flask, expelling the sulfur dioxide as above,® and dctcimining the 
antimony gravimetrically by precipitating as the trisulfide according to 
the directions on p. 89, or volumetrically by titration with iodine as 
described in Chapter XV. 

Remark. If the quantity of arsenic is not large, there is no need of distilling with 
a' stream of HCl. A much simpler apparatus can be used and the procedure described 
on p. 125 followed. 


(6) Precipitation of AsiS^ 

The precipitation of AsjSs from strong hydrochloric acid solutions 
was described on p. 82. 

Procedure. Starting with a precipitate consisting of the trisulfides 
of arsenic and antimony, dissolve this in caustic potash solution and 
oxidize exactly as described under the prc\’ious method. To the solu- 
tion add acid, wash the acid solution into an Erlenmeycr flask, and cool 
by surrounding the flask with ice. In another flask likewise cool some 
12 N hydrochloric acid. When both solutions are at 0®, dilute the 
arsenic-antimony solution with twice its volume of concentrated hydro- 
chloric acid. Into this cold solution pass a rapid stream of hydrogen 
sulfide for 90 minutes. Stopper the flask and allow to stand an hour 
or more before filtering off the AS2S5 through a Gooch crucible. Wash 
the precipitate with 4 N hydrochloric acid until 1 ml of the filtrate 
after being considerably diluted with water and tested with hydrogen 
sulfide shows no precipitation. Then wash with water and finally 
with hot alcohol. After drying at 110® C, weigh the precipitate as 

AsjSj. 

Dilute the filtrate from the arsenic sulfide with about 4 times as 
much water and saturate with hydrogen sulfide. Filter off the Sb2S6 
into a Gooch crucible, dry at 280® C in a current of carbon dioxide, and 
weigh as Sb2S3 (p. 89). 


> A blank determination should be made with all the reagents that are used, and 
the iodine solution must be standardized in a solution as dilute as that in which the 
analysis is made. 

» The escaping gas will not dccolorue a solution of 2-3 ml dilute sulfuric acid and 
1 drop of 0 01 iV KMnO,, when all the SO* is expelled. 
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(c) Precipitation of ^^gNH^As0^^6Hz0 

Principle. The separation ia based upon the fact that, if magnesia nuxture U 
added to a solution of an alkali arsenate and antimonate containing tartaric acid 
only arsenic ■will be precipitated. 

Procedure. Oxidize the solution obtmned by dissolving the sulfide 
in aqueous caustic potash as described under (c). ^lake acid with 
hydrochloric acid and add 3 g of tartaric acid. Add an excess of 
ammonia; if a precipitate forms, it show's that an insufficient amount 
of tartaric acid is present. In this event decant off the clear solution, 
dissolve the precipitate by warming with tartaric acid, and mix the two 
solutions. To the clear, ammoniacal solution, add magnesia mixture 
(cf. p. 83, footnote) slowly with constant stirring. After standing 
12 hours, filter off the precipitate of magnesium ammonium arse- 
nate (it usually contains a little basic magnesium tartrate), and wash 
a few times with 1.5 N ammonia. Dissolve the precipitate in hydro- 
chloric acid, heat to boiling, and reprecipitate by the addition of an 
excess of ammonia. After allowing to stand for 12 hours more, filter off 
the precipitate, wash with 1.5 N ammonia, and weigh as magnesium 
pyroaisenate as described on p. 83 or as MgNH*As04*6H80 (cf. 
p.84). 

Remark. Arsenic can also be separated from tin according to the above method, 
except that more tartaric acid is necessary to prevent the precipitation of the tin 
than when antimony alone is present (cf. p. 124). 

(d) Precipitation as AgzAsO^ 

Transfer the sulfides of antimony and areenic to a platinum dish and 
dissolve in a little fuming nitric acid. Evaporate off most of the excess 
acid; add 2 ml of 45 per cent hydrofluoric acid and a little water. Heat 
until a clear solution is obtained, and dilute to 100 ml. Cover with a 
quartz glass, heat just to boiling, and treat with 5 g of KjSzOs added 
cautiously in small portions. Cool, add a little methyl orange indicator 
solution, and make neutral with ammonia. Heat to boiling and add a 
slight excess of silver nitrate solution. Cool, filter off the chocolate- 
brown Ag 3 As 04 precipitate, and wash it vrith water containing 5 g of 
NH4NO3 and 0,25 g AgNOa per liter. Finally wash with a little alcohol. 
Test the filtrate with more silver nitrate and make sure that it is neutral 
to litmus. Determine the silver content of the precipitate either gravi- 
mctrically as chloride or volumetrically by the Volhard method. In 
either case dissolve the precipitate in a Uttle dilute nitric acid. 


‘ L. W. McKay, J. Am. Chan. Soc., 60, 368 (1928). 
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Separation of Antimony from Tin 

F. W. darkens Method,^ Modified 

Of all the known methods for the separation of antimony from tin, this is probably 
the most accurate. It depends upon the fact that antimony is completely pre- 
cipitated from a solution containing oxalic acid, while stannic tin is not. Stannous 
sulfide, however, is decomposed by oxalic acid, forming an insoluble crystalline 
stannous oxalate, so that the tin must be in the stannic form. 

Procedure. Usually it is a question of separating antimony from 
tin after these metals have been separated from the members of the 
copper group by means of alkali pol 3 ^ulfidc; i.e., the tin and the anti- 
mony are in the form of their soluble thio salts. 

To the solution of the thio salts in a 500-ml beaker containing not 
more than 0.3 g of the two metals, add an aqueous solution of G g of 
the purest caustic potash (one-third the sum of the weights of tartaric 
and oxalic acids to be added) and 3 g of tartaric acid (10 times the 
maximum weight of the two metals). To this mixture slowly add Per- 
hydrol until the yellow solution is completely decolorized; then add 
1 ml in excess and boil the solution for a few minutes to change any 
thiosulfate to sulfate and to decompose the greater part of the excess 
peroxide. As soon as the evolution of oxygen ceases, cool the solution 
somewhat, cover the beaker with a watch glass, and cautiously add a 
hot solution of 15 g pure rccrystallizcd o.xalic acid (5 g for 0.1 g of 
the mixed metals). This causes the evolution of considerable gas 
(COs -f- O 2 ). Now, in order to remove all the excess hydrogen per- 
oxide, boil the solution vigorously for 10 minutes. The volume of the 
liquid should amount to 80-100 ml. After this, introduce a rapid 
stream of hydrogen sulGdc into the boiling solution; for some time there 
will be no precipitation, but only a white turbidity. After 5 or 10 
minutes the solution becomes orango-colored and the antimony begins 
to precipitate; from this point take the time. At the end of 15 minutes 
dilute the solution with hot water to a volume of 250 ml; at the end of 
another 15 minutes remove the flame; and 10 minutes later stop the 
current of hydrogen sulfide. Filter off the precipitated antimony 
pcntasulfidc tlirough a Gooch crucible which, before weighing and after 
drying, has been heated in a stream of carbon dioxide at 300® for at least 
1 hour. Wa.«h the precipitate twice by decantation with 1 per cent 
oxalic acid and twice with \ery dilute acetic acid before bringing it in 
the crucible. Both wash liquids should bo boiling hot and satu- 

»CAm. Nof«, 41, 12t. C( also R06!>ln{;. Z. qtiqI. r/im., 41, 1 ; r. Ilcnz !' 

nnorff.Chem.,Z7, !S(IW)3), Vortmann ood Metil, anat. CAcm., 44,525 (1905) * 
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rated with hydrogen sulfide. Weigh the Sb2S3 after the treatment 
described on p. 89. 

To determine the tin, evaporate the filtrate to a volume of about 150 
ml, nearly neutralize the excess of oxalic acid with potassium hydroxide, 
and deposit the tin electrolytically as described on p. 97. 

According to Vortmann and Metzl,* antimony can be separated from 
tin by passing hydrogen sulfide into a solution containing hydrochloric 
and phosphoric acids of the proper concentration. 

Separation of Arsenic from Tin and Antimony 
(a) Method of Fred. Neher^ 

Dissolve the moist sulfides in freshly prepared ammonium sulfide, 
evaporate nearly to dryness in an Erlenmeyer flask, and oxidize with 
hydrochloric acid and potassium chlorate. From this solution precipi- 
tate the arsenic as sulfide under the conditions described on p. 82. 
In the filtrate from the arsenic pentasulfide all the tin is found and can 
be precipitated as sulfide after diluting largely with water and passing 
in hydrogen sulfide. Ignite and change to the oxide as described on 
p. 97. 

(5) Method of Tf . Hampe^ 

Dissolve the precipitated sulfides, as soon as possible after filtering 
and washing, in freshly prepared ammonium sulfide, evaporate the 
solution nearly to dryness, and oxidize with hydrochloric acid and po- 
tassium chlorate in a flask connected with a return-flow condenser.^ 
Add tartaric acid and ammonia, and precipitate the arsenic with mag- 
nesia mixture as magnesium ammonium arsenate, according to p. 83. 
After allowing to stand 12 hours, filter off the precipitate, wash with 1.5 N 
ammonia, and, in order to remove a little magnesia, dissolve the pre- 
cipitate in hydrochloric acid and reprecipitate by the addition of ammo- 
nia. After another 12 hours, filter off the precipitate and again wash 
with 1.5 N ammonia. 

This precipitate can be converted into magnesium pyroarsonate and 
weighed in this form as described on p. 83. The transformation is 
somewhat tiresome, however, so that Hampo prefers to dissolve the 
precipitate in hydrochloric acid once more, to precipitate the arsenic 
by means of hydrogen sulfide, and then to determine the magnesium in 

» Z. anal. Chem., 44, 633 (1905). 

* Z. anal. Chem., 32, 45 (1893). 

> Chem. Zlg., 18, p. 1900 (1894). 

♦ So that no arsenic trichloride will be lost by volatilization. 
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the evaporated filtrate as magnesium pyrophosphate according to p. 256 
or p. 257. 

(c) Alethod of Plato-Hartmann} 

In this interesting method the chlorides of arsenic, antimony, and tin, in the lower 
states of oxidation, are heated with a mixture of phosphoric and hydrochloric acids. 
Arsenous and antimonous chlorides distil by raising the temperature to 165®, but 
stannous chloride forms a complex wth phosphoric acid and remains behind. Ac- 
cording to Plato, tartaric acid is added to the first distillate and by a second distilla- 
tion the arsenous chloride is removed. Hartmann prefers to precipitate the arsenic 
as tnsulfide from a solution quite strongly acid and antimony as trisulfide in the 
partially neutralized filtrate. After the trichlorides of arsenic and antimony have 
been distilled from the solution containing hydrochloric and phosphoric acids, the 
tin is volatilized as stannic chloride by the addition of hydrobromic acid. The latter 
reacts with the hot, concentrated sulfuric acid and is to some extent oxidized into 
bromine which in turn oxidizes the tin to volatile stannic chloride. 

For the distillations, the apparatus 
shown in Fig. 32 is suitable. On the ex- 
treme right of the drawing is shown a 
Kipp generator for producing carbon di- 
oxide, connected through the wash bottle 
and the long gloss tube to B into which 
acid can bo made to drop from the funnel 
T. The lower part of B leads almost to 
the bottom of the flask A. The stopper 
of the flask is also fitted with a ther- 
mometer and a gas exit tube D, leading 
to the condemer P, w hich in turn is con- 
nected with the receiver E, m which the 
subsequent precipitation can also take 
place The uncondensed vapors pass 
through the tube K, containing glass 
beads wotted with water, into the tubing 
R, which is connected with the tower G 
containing pieces of marble. In this way 
the acid vapors arc neutralized so os not 
to be obnoxious. 

It is advisable to w ind cord around D 
to keep the vapors from being cooled too 
much by the air; for the same reason tho 
neck of the flask A should be covered writh 
asbestos paper. 

Procedure. If the sample is an alloy, weigh out 1 g of the fine borings 
into the flask A, Fig. 32, add 0 ml of concentrated sulfuric acid, and heat 
until decomposition is complete. Of arsenic, antimony, and tin sulfides 
place the precipitate and filter in the flask and add enough sulfuric acid 

I Plato, Z.anorff.CAcm., 68, 26(1911); Z.onol. CAcm., 60, Ml (1911)- Hartmnnn 
Z. ana/. CAm., 68, 14S (1919). «n,raann. 
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so that the mass is not quite diy after the carbonization of the filter; 
continue heating until the sulfuric acid solution is colorless, or a light 
straw color, and volatilize any sulfur in the neck of the flask by Keating 
carefully with a flame. Evaporate off the excess sulfuric acid, leaving 
about 6 ml in the flask. If the carbon of the filter is not oxidized suffi- 
ciently there will be too much foaming during the subsequent distillation. 

Cool, add 7 ml of aqueous phosphoric acid, d 1.70, again cool, add 
10 ml of concentrated hydrochloric acid, and connect the apparatus with 
a little water in the receiver. Introduce a slow stream of carbon dioxide, 
begin heating the flask, and cause concentrated hydrochloric acid to drop 
into the flask so that the volume of liquid in the flask docs not change 
much during the distillation. Keep the temperature at 155-165°. 
The arsenic trichloride distils readily, but it may take 2 or 3 hours to 
distil all the antimony trichloride. To test for antimony, disconnect the 
receiver and collect about 20 drops of fresh distillate. To this add a little 
hydrogen sulfide water and ammonia water to neutralize some of the 
acid; if no orange precipitate forms, antimony is absent. 

'When all the antimony has been volatilized as chloride, stop dis- 
tilling and disconnect the receiver. Taking a fresh receiver, continue 
the ^stillation using a mixture of one-fourth pure hydrobromic acid, 
d 1.40, and three-fourths concentrated hydrochloric acid in the dropping 
funnel. If bismuth is present, keep the temperature below 145°. 
Distil until no test for tin is obtained with 1 ml of distillate. A little 
sulfur dioxide is always present in the distillate, being formed by the 
interaction of hydrobromic and sulfuric acids. There is, therefore, 
always some sulfur precipitated when the H 2 S water is added, but this 
milky turbidity can be distinguished from a precipitate of yellow stannic 
sulfide that forms more quickly. The distillation should not be stopped 
until there is no sign of yellow precipitate in the test. 

To determine arsenic in the first distillate, introduce hydrogen sul- 
fide and treat the precipitate of arsenic trisulfide as described on p. 82. 

To determine antimony in the filtrate which contains hydrogen 
sulfide, neutralize with ammonium hydroxide until a permanent pre- 
cipitate of orange antimony sulfide forms. Add a little more ammonium 
hydroxide, but not enough to make the solution ammoniacal, dilute with 
an equal volume of hot water, and saturate with hydrogen sulfide gas. 
Treat the antimony trisulfide precipitate as directed on p. 89. 

To determine tin, take the second distillate, dilute with a little water, 
and add ammonium hydroxide until the stannic hydi oxide precipitate 
does not redissolve well on stirring. Saturate with hydrogen sulfide, 
allow to stand over night, and treat the precipitate as directed on p. 94. 
Filter-paper pulp aids in filtering the stannic sulfide. 
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Separation of Antimony from Arsenic and Tin 
(a) Method of Rose 

Heat the sulfides of arsenic, antimony, and tin with fuming nitric 
acid in a large covered beaker until the sulfur is completely oxidized, 
and remove the excess of acid by evaporation on the water bath. Treat 
the slightly moist residue with concentrated sodium hydroxide solution, 
and transfer the contents of the dish to a silver crucible. Add a little 
solid sodium hydroxide, and dry the contents of the crucible in an air 
bath. Place the silver crucible in a larger porcelain one, heat over a 
M^ker burner, and keep the contents of the smaller crucible liquid for 
about 20 minutes. Cool, extract the melt with water, add one-third as 
much alcohol to precipitate sodium metantimonate completely, and 
after allowing to stand for 12 hours filter off the precipitate, wash with 
50 per cent alcohol, dissolve in HCl, and determine antimony as sul- 
fide (p. 89). Acidify the filtrate containing all the arsenic and tin 
with hydrochloric acid, so that stannic arsenate is precipitated. With- 
out filtering, conduct hydrogen sulfide into the liquid, filter off the 
precipitated sulfides of tin and arsenic, oxidize with hydrochloric acid 
and potassium. chlorate, and separate the arsenic from the tin as de- 
scribed on p. 124. 

(6) Method of Hampe 

Oxidize the moist sulfides with hydrochloric acid and potassium 
chlorate, and determine the arsenic as described on p. 83. 

In the combined filtrates from the magnesium ammonium arsenate 
precipitate the antimony and tin by hydrogen sulfide, after making 
the solution acid. Separate these according to one of the methods 
already described; cf. p. 123. 

(c) GOLD AND THE PLATIIHJM METALS 

PLATINUM, PALLADIUM, OSMIUM. RUTHENIUM, RHODIUM, 
AND IRIDIUM 

GOLD, Au. At. Wt. 197.2 

Gold is always determined as the metal itself. There are three cases 
to distinguish : 

1. The gold is present in solution. 

2. The gold is alloyed nith copper and silver. 

3. The gold is present in an ore. 
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1. Gold Is Present in Solution 

Usually gold is deposited as metallic gold from its solutions and 
weighed after filtering and washing. 

For the deposition of gold numerous reducing agents can be used, such 
as ferrous sulfate, oxalic acid, sulfurous acid, formaldehyde, and hydro- 
gen peroxide. If the gold is to be precipitated by means of either /errous 
sul/aie or oxalic acid, no free nitric acid can be present in the solution. If 
some is present, it must be removed by repeated evaporation with con- 
centrated hydrochloric acid and the solution then diluted with water. 
To this dilute solution add a large excess of clear ferrous sulfate solu- 
tion, cover the beaker, and heat ite contents for several hours on the 
water bath. Then filter off the precipitate, wash first with water con- 
taining hydrochloric acid until the iron is completely removed, and then 
with pure water. Dry the precipitate, transfer as completely as possible 
to a porcelain crucible, add the ash of the filter, ignite, and weigh the 
gold. In this way gold can be separated from most metals, even plati- 
num, but not from silver. If alvcr is present, as of course it never is 
in a dilute hydrochloric acid solution, remove it by the addition of 
hydrochloric acid, filter off the precipitated silver chloride, and treat 
the filtrate as above described. 

To precipitate gold by means of oxalic acid, adjust the'acidity so that 
the solution contains the equivalent of 2 ml of concentrated HCl and 
5 drops of concentrated H 2 SO 4 in each 100 ml, add the oxalic acid, and 
boil 10 to 15 minutes. In the filtration of precipitated gold, the filter 
paper must fit tightly to the funnel along the upper edge and sometimes, 
the addition of some ashless filter-paper pulp is advisal5le. 

If a gold solution is treated with caustic alkali solution and then with 
formaldehyde, or, better still, hydrogen peroxide,^ the gold is soon pre- 
cipitated quantitatively, even in the cold. By boiling, the finely divided 
gold collects together and assumes a reddish brown color. The reaction 
takes place according to the following equation : 

2AuCl3 + 3H2O2 + 6KOH = 6KC1 + 6H2O + 3O2 + 2Au 

If the gold is deposited by this method from very dilute solutions 
it is obtained in such a finely divided condition that it passes through 
the filter. If, however, the solution is boiled until the excess of hydro- 
gen peroxide is completely destroyed and it is then acidified with hydro- 
chloric acid, the gold can be readily filtered. Gold can be separated 
from platinum by this method. 


^ Vanino and Seeman, Ber., 32, 1968 (1899). 
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2. The Gold Is Alloyed with Silver and Some Copper 

Gold present in alloys is most rapidly and most accurately determined 
in the dry way. The principle of the method is very simple. Too 
much copper should not be present as high-copper alloys cannot be 
cupelled. 

If a gold-silver alloy is melted in the air with lead upon a “ cupel ” 
(a very porous vessel made of bone-ash or magnesia) the lead and cop- 
per are oxidized, the oxides fuse and are absorbed by the cupel, while 
all the gold and silver are left behind in the form of a metallic button, 
which is weighed. The silver is afterwards separated from the gold 
by the action of nitric acid, which dissolves the silver but leaves the gold 
behind. If the weight of the gold that is left undissolved is deducted 
from the weight of the gold-silver button the weight of the silver is 
obtained. 

To obtain accurate results a number of precautions must be taken. 
By the cupcllation of the alloy some noble metal is always lost, the 
amount increasing in proportion to the amount of lead used and the 
temperature. Furthermore, small amounts of the noble metal are 
absorbed by the cupel, and this loss is greater the smaller the quantity 
of lead used. This second loss amounts to much less than the former 
one occasioned by the use of too much lead. Consequently, in every gold 
cu'pellalion an unnecessary excess of lead must be avoided. 

Experience has shown that tl»o richer a gold-silver alloy is in base 
metal the more lead is necessary for the cupellation. r\irthermore, 
in the separation or parting of gold from silver by means of nitric acid, 
it is necessary to remember that the separation is quantitative only 
if the alloy consists of 3 or more parts of silver to 1 part of gold. If 
less than 3 parts of silver arc originally present for 1 part of gold, it is 
ncccssarj' to add pure silver until this proportion is reached. This 
operation is kno^^m as quartation or xnquartation. If a gold-silver 
alloy, in the form of foil, consisting of 3 parts of silver to 1 of gold, is 
treated nnth nitric acid, the gold remains behind as a brownish scale; 
if more silver is present, it is left as a fine powder, unless the acid is 
extremely dilute. Sometimes a little silver may remain with the gold 
after the treatment with acids and this causes high results in weighing 
the residual gold; often error due to incomplete removal of silver more 
tlian balances the loss of gold during the cupcllation. 

From wliat has been said, it is clear that accurate results can be 
obtained only when tlio correct amount of lead is present in the alloy that 
is cupelled, and when the gold and silver arc present in tlic proper propor- 
tion; i.c., it Is necessary to know the approximate composition of the 
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In the case of a greenish yellow alloy, inquartate^ vnth 2 parts of 
alver; and for a distinctly yellow or redthsh yellow alloy, inquartate 
with 2| parts of silver. 

Treatment of (he Gold-Silver Button 

Remove the gold-silver button from the cupel with the “ button 
tongs,” clean with a stiff brush (“ button brush and hammer upon 
an anvil to a round disk about 1 mm thick (Fig. 35, a). Heat this 
upon a fresh cupel and quickly cool by placing it upon a piece of brass 
foil and rolling it between two steel rollers to a long strip (Fig. 35, b); 
again heat and roll’ up os shown in Fig. 35, c. Place this little roll in 



a small flask (Fig. 36, I), cover with 30-40 ml of nitric acid (d 1.188) 
free from chloride, heat to boiling, and keep boiling gently for 10 min- 
utes. Pour off the acid, replace by the same quantity of stronger acid 
(d 1.295), and repeat the above treatment. After this pour off acid 
and wash the button, decanting three times with distilled water. Fill 
the flask with water, cover with an annealing cup (or, lacking this, an 
ordinary porcelain crucible may be used), and quickly invert (Fig. 36, 
II) ; the gold will pass into the cup. Remove the flask by first raising 
its mouth to the level of the water in the crucible and then slide it off 
at right angles and skilfully turn the flask right ride up. Pour off 
the water from the gold and place the crucible in the back part of the 

'Cf. p. 129. 

* By hammering, the gold-silver alloy becomes so brittle that it cannot be con- 
verted to a smooth-margined roll, and on the subsequent treatment with nitric acid, 
little pieces would probably drop off. Heating the metal again and then qxiickly 
cooling it restores its original softness. 



GOLD IN ORES 


133 


muffle for a short time; the gold dries and is changed from its former 
browTi and soft condition into a harder, beautiful yellow substance. 
Cool and weigh. By subtracting the w'eight of the gold from the 
weight of the gold and silver together, the amount of silver is determined. 

Determination of Gold in Ores 

Principle. The very finely ground and sifted ore is mixed in a No. 9 French 
crucible with lead oxide, charcoal, and some suitable slag-forming material. The 
charcoal reduces a part of the lead oxide to metal which alloys with the noble metal 
and sinks to the bottom in the form of a button, v\bilo the foreign substances pass 
into the slag After cooling, break the crucible, hammer off the slag, cupel the lead 
button, and part the silver-gold button in the usual tiny. The noble metal should 
be extracted with as little lead as possible, for with an unnecessarily large amount 
of lead some gold is lost during the eupcllation. 

The amount of lead reduced from the litharge depends largely upon the nature 
of the ore. Sulfide ores act strongly reducing, as is show n by the follow ing equations : 

PbS -f- 2PbO * SO, -b 3Pb 

FeS, + 5PbO » 2SO, + FeO + 5Pb 

Is such coses less charcoal (or in some coses none ot all) should be added than 
would be otherwise necessary to produce the right amount of lead. Sometimes, 
when considerable sulfide is present, it is necessary to neutralize its action by the 
addition of oxidizing agents. 

Reducing ores are recognized by their color: they are gray, bluish black, or 
yellow (pynte, etc.). Reddish brown ores (Fe,0,) usually act oxidising: 

Fe,0, + C = CO -b 2FeO 

in which case more charcoal must be added to the charge. 

The best results are obtained if the lead button weighs about 18 g when obtained 
from 30 g of ore ‘ In order that such a button may be obtained, it is usually neces- 
sary to make a preliminary assay of the ore. But above all, it is necessary that the 
purity of the reagents used should be tested. 

Testing the Reagents 

The ordinary reagents necessary for a gold assay are: 

Litharge (PbO) 

Litharge, the most important reagent, is a basic flux, for it forms a 
readily fusible silicate with the silicic acid of the ore. At the same time 
it is a desulfurizing agent, as is shown by the above reaction. 

The litharge used must bo dry and free from minium, Pb 304 , which 
oxidizes silver, carrying it into the slag, so that low results would be 

iThis amount is usually sufficient; with very rich gold ores 10-15 g is enough, 
whereas with very poor ores as much as 120 g may be used to advantage. 
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obtained in the silver determination. The litharge should be free 
from silver (which it almost never is), or its silver content must be 
known; this is determined once for all by the following experiment: 
Mix 120 g of litharge, 60 g of sodium bicarbonate, and 2 g of argols 
(crude IQ 1 C 4 H 406 ) upon a sheet of glazed paper; place the mixture 
in a No. 9 French crucible and cover with a layer of finely powdered, 
dry common salt. Place the covered crucible in a hot coke-oven. 

As soon as the contents of the crucible have reached the state of 
quiet fusion, remove the crucible from the fire, gently tap its walls with 
the tongs, and tap lightly upon its bottom to knock down any small 
particles of lead adhering to the sides and to make all the free metal 
collect together on the bottom in the form of a button. 

After cooling break the crucible, remove the slag from the lead button 
by hammering it upon an anvil, and subject it to cupellation, using a 
cupel weighing only a few grams more than the button itself. Weigh 
the resulting silver button, and deduct this weight of silver whenever the 
corresponding amount of litharge is used in an assay. 

Sodium Bicarbonate (NaHCOs) 

Anhydrous Borax {NaiBiO^) 

These require no testing. 


Charcoal 

The reducing power is determined as follows: Mix 60 g of litharge, 
15 g of sodium bicarbonate, and 1 g of charcoal, as in the testing of 
litharge, in a French crucible No, 9, cover with common salt, and fuse. 
After cooling, determine the weight of the lead button; this expresses 
in terms of lead the reducing power of the charcoal. 

One gram of charcoal should reduce about 30 g lead. 

Niter {KNO,) 

serves as an ojddizing agent. Its ondizing power expressed in terms 
of lead is determined as follows: Mix 3 g of niter (potassium nitrate), 
60 g of lithaige, 1 g of charcoal, and 15 g of sodium bicarbonate; fuse 
as before, and determine the wmgbtof the lead button. If it was 
found that 1 g of charcoal would reduce P g of lead, and if p g of lead 
w’ere obtained in this experiment, then the difference P — p shows the 
amount of lead that was oxidized by 3 g of niter, or the oxidizing power 
of the niter. 

One gram inter oiddizes about 4 g lead. 



PRELIMINAKY ASSAY 


135 


Common Salt 

Heat table salt in a large Hessian crucible until it melts, and pour 
the contents of the crucible into a shallow iron mold with a raised edge. 
Powder and preser\'e in a stoppered flask. 

After the reagents have all been tested the next step is the 

Preliminary Assay 

Weigh out 5 g of the finely powdered and sifted ore and mix with 
80 g of litharge, 20 g of sodium bicarbonate, and 5 g of borax. Place the 
mixture in a crucible and cover with a layer of common salt. After 
fusing, cooling, and hammering oft the slag, as already described, weigh 
the lead button. 

Since in an ordinary assay about 30 g of ore is taken, the weight 
of the lead button now obtained multiplied by 6 will give the weight 
of the button from the real assay. Four cases will be considered. 

(1) The Lead Button Weighs 3 g 

A button obtained from 30 g of ore would weigh 18 g. In this case, 
assay the ore ^*ith the follov,ing proportions of flux: 80 g of litharge, 
20 g of sodium bicarbonate, and 5 g of borax. 

(2) The Lead Button Weighs Less than 3 g 

E\ndcntly the ore has a slight reducing action, but not enough to 
jicld a button weighing 18 g when 30 g of ore is used; it is, therefore, 
nccc&sary to add charcoal to the flux. 

Example. ^Vssume that the lead button obtained by the preliminarj' assay 
ViciRhcd 1 K, then the button obtained from 30 g of ore would weigh 0 g. In order 
to obtain a button weighing 18 g it is necessary to add enough charcoal to supply 
12 g of lead. If 1 g of charcoal is found to reduce 30 g of lead, then it Is necessary 
to add 12 + 30 g = 0 4 g of charcoal. 

(3) The Lead Button Weighs More than 3 g 

In tlii-s c.vo the ore ha.s a strong reducing power, and to obtain the 
lead button of the right weight it isncccssaiy to add some niter. 

Example. Suppose the button to wrigli f» g; this would mean a 30-g button 
when 30 g of ore is u*ed; i e., IS g too much lead would be produced. We muol add 
therefore, enough niter to oTulirc Ibis 18 g of lead. If the oxidizing power of 1 g 
of niter 15 found to l>e 4 g of !e.ad, then IS + 4 - 4.5 g of niter must lx; added to the 
flux 

Rcmarlc. Ort^ which have a wry strong reducing power would frequently 
require the a<ldilion of enough niter to raa«c the contents of the crucible to boil 
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over. In such a case, place 40-50 g in a “ roasting diah,” roast in a muffle, and from 
this roasted ore take portions for the preliminary and final assays. The r^ults, 
however, must be expressed in terms of the imroasted ore. 

(4) No Lead BtUton Is Formed 

The ore is either neutral or possesses an oxidizing action. Repeat 
the assay using 1 g of charcoal, and base the final assay from the results 
now obtained. 

Final Assay 

For convenience, it is customary to weigh out the ore in assay-ion 
units. Ore is usually weighed in avoirdupois tons and gold in troy 
ounces. The assay report usually gives the ounces troy contained in 
a ton avoirdupois. Since there arc 29,166 troy ounces in an avoirdupo^ 
ton, the assay ton is made equal to 29.166 g. Then if 1 assay ton of ore 
is used each milligram of gold obtained will represent 1 ounce per ton. 
For weighing out the ore an inexpenave balance (pulp balance) can be 
used. It should be capable of taking a load of 200 g but need not be 
sensitive to less than 1 mg. For weighing the gold or silver buttons, a 
button balance sensitive to 0.01 mg should be used. 

For the final assay use from 0.1 to 5 assay tons of ore (accor^g to 
the amount of gold present) and the corresponding amount of the vari- 
ous fluxes. Otherwise the procedure is exactly the same as in the pre- 
liminary assay. Cupel the lead button and part the weighed silve> 
gold button as described on p. 132. 

PLATINUM, Pt. At Wt. 195.2 

Platinum is best determined as metallic platinum. The following 
three cases mil be considered: 

1. The platinum is present in a hydrochloric acid solution either alone 
or together with other metals, but other platinum metals are absent. 

2. The platinum is present alloyed with gold and silver. 

3. The platinum is alloyed with small amounts of the platinum metals 
together with small amounts of base metals. 

1. The Platinum Is Present in Hydrochloric Acid Solution Either Alone 
or Together with Other Metals 

The platinum is either precipitated from the solution as ammonium 
chloroplatinate, (NH4)2FtCU, which is decomposed by ignition and the 
residual platinum weighed; or the platinum is precipitated as metal 
by the addition of reducing agents to the solution; or finally the plati- 
num is precipitated as sulfide by conducting hydrogen sulfide into the 
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lot solution and changed to platinum by ignition. The first two methods 
serve to separate platinum from most other metals; the third serves to 
separate platinum only from the metals of the alkali, alkaline earth, 
ind ammonium sulfide groups, and not from members of the hydrogen 
sulfide group. 

(a) Precipitation of Platinum as Ammonium Chloroplatinate 

Reduce the volume of the solution as much as possible by evapora- 
tion; nearly neutralize with ammonia; add an excess of ammonium 
chloride and considerable alcohol. Allow the mixture to stand 12 hours 
mder a glass bell jar. Filter through an asbestos filter tube 10-15 cm 
long and wash with 80 per cent alcohol until a few drops of the filtrate 
leave no residue on being evaporated to dryness on a platinum foil. 
Dry the precipitate by conducting a stream of air, warmed to about 
90®, through the tube. After cooling weigh the tube, introduce a plug 
of ignited asbestos’' and again weigh; thus the weight of the asbestos 
plug is found. Conduct a stream of dry hydrogen through the tube, and 
heat the tube carefully until no more hydrochloric acid is evolved and 
all the ammonium chloride has been driven off; then cool the tube in a 
desiccator and weigh. 

Instead of filtering the precipitate upon asbestos, an unweighed ash- 
less paper filter may be used. Place the moist precipitate and the filter 
in a large porcelain crucible so that the apex of the filter paper points 
upward, and heat very carefully, as otherwise there can be a considerable 
loss by spattering. At first dry the precipitate by gently heating the 
partly covered and inclined crucible with a tiny flame under the cover 
until the odor of alcohol has disappeared. Take care not to bum the 
alcohol. When all the alcohol has evaporated, slowly raise the tempera- 
ture until the crucible is at a strong red heat. During the whole opera- 
tion there must be no visible escape of vapors from the crucible. The 
decomposition is complete when there is no longer a penetrating odor 
arising from the cmcible. Now place the crucible in an upright posi- 
tion and ignite with free access of air until the carbon from the filter 
paper is completely burned. Often a slight deposit of platinum* will 

* Ammonium chloroplatinate decrepitates during the beating. To prevent loss 
of substance heat it bet^^een two asbestos plugs. 

* By means of the dry distillation of the filter, carbon monoxide is formed; and 
by the decomposition of the ammonium chloroplatinate, chlorine is set free. These 
two gases act upon the metallic platinum and form volatile compounds (FtCh-CO, 
PtCIr2CO, and 2PtCIi SCO), which, however, are later decomposed by the aqueous 
vapor. This causes the deposit of platinum in the upper part of the crucible. In 
order to avoid loss, a large crucible should be used. 
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be found in tbe upper part of the crucible and upon the cover, so that 
the cover must always be weighed with the crucible. 

Remark. If it seems likely that the predpitate of ammonium chloroplatinate 
is contaminated with other substances (e g., sodium chloride, etc.) the precipitate 
can be dissolved in hot water after it has been washed with alcohol and dried. The 
platinum may then be determined, by boiling with a little mercury, filtering, 
washing with dilute hydrochloric acid and then with water, igniting the residual 
Pt, and finally weighing. 

The results obtained by this method are satisfactory but somewhat 
lower than the true values; the following process is more accurate: 

(6) Precipitation of Platinum by Reducing Agents 

Free the solution from any excess of acid by evaporation and transfer 
to an Erlenmeyer flask the neck of which is ground to fit a return-flow 
condenser. Neutralize the solution with ammonia, add an excess of 
formic acid and a little ammonium acetate, dilute to 200 ml, and heat 
to about 80® on the water bath until the evolution of carbon dioxide 
has nearly ceased. Now connect the flask with the return-flow con- 
denser, and boil for 24 hours. Filter off the precipitated metal, wash 
first with dilute hydrochloric acid then with water, dry, ignite, and 
weigh. 


2. Determination of Platinum in Alloys 

Platinum is now used a great deal in jewelry, and there are so many 
useful alloys of platinum that the analysis has become of importance. 
The platinum content is almost always determined by dry assay. 

Weigh out 0.1 g of the alloy and make a trial assay to determine 
the approamate platinum content. Cupel twice with 1-g portions of 
lead at a high temperature (well back in the hot muflSe), weigh the 
resulting button, and part with sulfuric acid as described below. For 
the analysis proper, weigh out 0.25 g of alloy; add 1.25 g of pure silver 
and the same quantity of copper. Cupel at a white heat, using 15 g 
of lead if the alloy is nearly pure platinum and reducing the quantity 
of lead by 0.15 g for each per cent of alloyed metal but using at least 2 g. 

After the cupellation place the button on a fresh cupel and heat 2-5 
minutes in the hottest part of the muffle. Hammer out the button 
and roll it until it is 0.2 TTim thick. Part the button in a small Jena 
flask, using 20-30 ml of concentrated sulfuric acid which has been 
diluted with 22 per cent of water by volume. Heat the metal with the 
sulfuric acid for 15 minutes at 240®. Nitric acid could not be used 
for the parting as it dissolves some platinum as well as silver. By 
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boiling platinum with pure concentrated sulfuric acid, 7.7 mg is dissolved 
in an hour but dilution prevents the dissolving. By keeping the tem- 
perature at 240° there is no appreciable loss of platinum. 

After the heating allow the acid to cool, carefully decant off the 
liquid, and repeat the acid treatment twice more. To avoid loss by 
bumping during the second and third treatments, wind a piece of 
pumice with platinum wire and drop it into the flask. After the third 
treatment, decant off the acid and wash the residual platinum twice 
by decantation with water. During the decantation some platinum 
always flows off ^vith the liquid. Save the washings, therefore, filter 
through a small filter, ignite, and weigh in a crucible. Transfer most 
of the platinum to a porcelain crucible, rinse off the pumice, and evapo- 
rate off the water. Igmte and weigh. 

Separation of Platinum from Gold 

Parting with sulfuric acid leaves gold, if present, with the platinum. Parting with 
nitric acid does not dissolve platinum in the absence of silver but, if 3 parts by 
weight of silver are present for each part of gold and platinum, the platinum gradually 
dissolves. 

Procedure. Cupel the platinum-gold button, obtained by the 
above method of assaying, with 3 times its weight of pure silver and 
1 g of lead. Hammer and roll the resulting button and part with 
C N nitric acid. Weigh the button, inquartate with 3 parts of silver, 
and again cupel tvith 1 g of lead. This time part with 9.6 N nitric 
acid. Repeat the inquartation and parting until a constant weight 
of gold is obtained. 

Instead of separating gold and platinum in this way, the button can 
be dissolved in aqua regia and the gold precipitated by ferrous sulfate 
as described on p. 128 or the gold may be thrown down from an alkaline 
solution by means of hydrogen peroxide. It may be necessary to dis- 
solve the gold in aqua regia and repeat the precipitation. To determine 
the platinum, precipitate it as sulfide by introducing hydrogen sulfide 
into the hot acid filtrate and weigh as metal after ignition in a porcelain 
crucible. 

PALLADIUM, Pd. At, Wt. 106.7 

In the older methods of analysis, palladium was usually determined as metal. 
Although some palladic salt is formed when the metal is dissolved in aqua regia, it is 
reduced to bivalent palladous chloride, PdOt, on evaporating with concentrated 
hydrochloric acid. From a slightly acid solution of palladous chloride, the free 
metal can be deposited easily by heating with sodium formate solution or by passing 
carbon monoxide into the cold, slightly add solution The deposited metal can be 
filtered off, ignited, and weighed. Palladium also forms some insoluble salts that 
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can be nsed for quantitative anaiysis. Tims palladoua cyanide, Pd(CN)3, palUdaus 
iodide, Pdli, and palladous a-nitroscHJ-naphtho!, Pd(Ci£.HeNOj)s, have been recom- 
mended for determining palladium. In the first two cases, the similarity of palladous 
salts to silver salts will be noticed, and m quaUtative analysis palladium precipitated 
in the firet group. In the case of the o-nitroso-^naphthol compound, the analogy to 
cobalt will be noticed. This is not suipriaing, for palladium, like cobalt, belongs 
in the eighth group of the periodic table of the elements. Today, the meet charac- 
teristic reagent for palladium is dimetliylglyoximc, which is used so much for deter- 
mining nickel, another eighth-group element. By means of this reagent, it is possible 
to separate palladium from the other platinum metals; and the precipitate can be 
weighed. Gold must be absent or it will precipitate as metal. The only objec- 
tion that can be raised to dimcthylglyoximc as a reagent for palladium is the fact 
that the precipitate is very voluminous and when much of it is present it may be 
difficult to handle. In such cases precipitation of the cyanide or of the iodide can 
be used. Both Pd(CN)» and Pdlj aro sufficiently insoluble to provide satisfactory 
separations. The iodide is soluble in an excess of potassium iodide solution so that 
care must be taken to use only a sliglst excess of reagent, and rhodium iodide, Rblj, 
may precipitate if much rhodium is present. Potassium iodide also gives a deep red 
color with HiPtCU on account of the formation of HiPtl*; this reaction has been 
recommended for detecting platinum. 

1. Determination with Dimethylglyoxime 

Procedure. To the moderately acid solution {it can bo 0.25 N in 
HCl or HNO 3 ) containing not more than 0.1 g of Pd in 250 ml, add at 
room temperature a 1 per cent solution of dimcthylglyoxime in 95 per 
cent alcohol. For each milligram of palladium present, use about 0.25 
ml of the reagent (0.0025 g of solid). Allow the solution to stand for 
half an hour at about 40® or for an hour at room temperature and then 
filter through a weighed Gooch crucible. To the filtrate add a little 
more of the reagent to make sure that the precipitation is complete. 
Wash the orange-yellow precipitate of PdCCAHtNaOi)* thoroughly, 
first with cold and then with hot water, dry at 110®, and weigh. The 
precipitate contains 31.67 per cent of palladium. 

If it is desired to repeat the precipitation, as is sometimes necessary when much 
platinum is present, filter through a paper filter and digest the precipitate with 25 
ml of aqua regia which has been diluted with an equal volume of water. Dilute, 
filter, bum the filter, digest the ash with aqua regia, dilute, and filter into the mam 
solution. 

If more than 0.1 g of palladium is present, it is well to work with an aliquot part 
of the solution, or an aahless filter paper can be used for filtering off the bulky pre- 
Transfer to a weighed porcelmn emribW, dry, ignite dowly, and cool in a 
stream of hydrogen. Finally uncover Uie crucible and heat moracntanly to redn^ 


vouienw ou a not plate to evaporate off the excess formic acid, and finally weigh as Pd. 
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2. Precipitation of Palladium by Formic Acid 

To the fairly dilute solution add sodium formate solution, cover with 
a watch glass, and heat carefully over a free flame. Carbon dioxide is 
evolved, and shortly the palladium is precipitated as a fine black powder: 
PdClj + HCOsNa = NaCl + HCl + COj + Pd. The finely divided 
metal is appreciably soluble in hydrochloric acid. After the evolution 
of gas has ceased, therefore, add sodium carbonate solution until a 
neutral or faintly alkaline reaction is obtained. Filter and wash the 
palladium with hot water. Place the moist filter and precipitate in a 
porcelain crucible and carefully ignite, finally using the full heat of the 
burner. Cool and weigh. As a rule, there is a slight superficial oxi- 
dation of the metal as shown by blue or violet colorations, but the 
increase in w’eight is so small that it can be neglected. 

3. Precipitation of Palladium as Palladous Cyanide 

Nearly neutralize the solution with sodium carbonate and add an 
excess of mercuric cyanide: PdCb + Hg(CN)2 = HgCU + Pd(CN)a. 
Heat on the water bath until there is no more odor of hydrocyanic acid; 
allow tho light yellow precipitate to settle; wash it by decantation 
and on the filter with cold water. Dry, ignite, and weigh as Pd. 

Separation of Palladium from Platinum , 

Evaporate the hydrochloric acid solution to dryness. If any nitric 
acid was present, add more hydrochloric acid and again evaporate to 
dryness, because it is necessary for the success of this separation that 
all the palladium shall be in the bivalent condition. Otheru’ise, in- 
soluble (NHOjPdCU will be formed together with the corresponding 
platinum compound. 

To the residue add a slight excess of solid ammonium chloride. 
Moisten with a little water, and after a short time add some saturated 
ammonium chloride solution (38 per cent). Stir well, allow’ to stand for 
some hours, then filter off the (NHOjPtCl# precipitate. Wash with 
strong ammonium chloride solution and treat the precipitate as de- 
scribed on p. 137. 

In the filtrate determine the palladium as the palladous salt of di- 
mcthylglyoximc. 

Separation and Determination of the Six Platinum Metals 

Platinum is the bost*known member of a {i^roup of sit noble metals Their chemi- 
cal proporttes ore quite similar, and the problem of separating them completely from 
one another is not an easy one. Arranged in the order of their atomic noights they 
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by stopping the flow of hydrogen for a moment, then start the flow again and allow 
the crucible to cool to room temperature in an atmosphere of hydrogen. Now 
replace the Hj with an inert gas such as CO*, as otherwise there will be some oxidation 
when the reduced metal is first exposed to the air. Weigh as Os. 

n. Separation and Determination of Ruthenium 

Transfer the solution remaining in the flask A, Fig- 37, to a beaker or casserole 
and evaporate to dryness on the steam bath. Add 5-10 ml of concentrated HCI and 
again evaporate; repeat the addition of HCI and evaporation until no more orides of 
nitrogen are evolved. Dissolve the last residue in 25 ml of water, add 10 ml of con- 
centrated HjS 04 , and evaporate on the hot plate until vapors are evolved. 

Cool, carefully dilute with 10 ml of water, and transfer the solution back to the 
distilling flask A ; if any platinum has deposited during the evaporation make sure 
that this is washed into the flask. Dilute with water to 100 ml, add 150 ml of 10 per 
cent ICBrOj solution, and distil as described under (I) with fresh portions of HCI— SOi 
m the three receivers. To make sure that excess SO* is present in the receivers, add 
from time to time a little saturated SO* solution through the funnel Tj. Remember to 
flush out the tubing under Ti occasionally. After 90 minutes’ slow distillation in a 
gentle current of air, add 25 ml more of 10 per cent l^BrO* solution and distil for 
another hour. This will serve to remove 0.15 g of ruthenium. 

Combine the three portions of absorbing solution in the flasks B, C, and D and 
evaporate in a beaker on the steam bath. To the moist residue add 10 ml of con- 
centrated HCI and digest in the covered beaker on the steam bath for an hour. Add 
60 ml of water and heat to boiling to dissolve the difficultly soluble ruthenium salt 
which forms during the evaporation. Filter off any small silicious residue (from the 
glass), wash the filter with 0.1 N HCI, dilute the solution to 200 ml, and precipitate 
the ruthenium as hydrated RuO* as described for osmium (see I, 2) but in place of 
the bromophenol blue indicator add 3-4 drops of 0.04 per cent bromocresol purple 
indicator solution, which changes from yellow to purple at about pH = 6 . When 
this point is reached boil about 5 minutes to coagulat e the precipitate. 

Convert the RuOj to Ru as in the case of osmium (1, 2) but with these differences: 
Use ashless filter paper for filtering, and remove the last traces of precipitate from 
the walls of the beaker with filter paper. Wash the precipitate with hot 1 pet cent 
(NHOiSO* in place of NHtCl and finish with a 2 5 per cent solution. Ignite the 
precipitate carefully in air in a W’eighed porcelain crucible and then in hydrogen. 
After the first ignition in hydrogen, cool and leach the residue with water to remove 
traces of soluble salt and again ignite in air and in hydrogen. Weigh as Ru.^ 

m. Separation and Determination of Platinum 

1. Preparation of the Solution, (a) The solution in the distilling flask from which 
OSO 4 and Ru 04 have been removed will contain platinum, palladium, rhodium, and 
iridium together with H 2 SO 4 , NaHSOi, Br*, and possibly some undecomposed 

^ Rogers, Beamish, and Russell, Ind. Eng. Chem., Anal. Ed., 12, 561 (1940), prefer 
to absorb the RUO 4 in 3 per cent H*0* (free from acetanilide). Then, upon making 
the solution 0.2 N in HCI and HBr and boiling, the Ru can be precipitated with a 
slight excess of thioglycolic-^-aminonaphthalide dissolved in a little alcohol (a 
little more than 2 moles of the thionalide per mole of Ru). After washing with alcohol 
the precipitate can be ignited in air and then in hydrogen and weighed as Ru. 
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bromate. Transfer to a beaker and carrfuUy add concentrated HCI to decompose any 
bromate. Evaporate the solution on the steam bath and add more HCI to make 
sure that all bromate is decomposed. If the distilling flask is stained with IrOj, clean 
it with 5-10 ml of aqua regia and, before adding this acid to the main solution, 
evaporate with HCI to decompose nitroso compounds. Finally evaporate the entire 
solution as far as possible on the steam bath and then dilute to 300 ml with water. 

(6) // o solution containing no osmium or ruthenium is to be analyzed, leave out every- 
thing up to this point and start the analysis as follows: Evaporate to a moist residue 
on the steam bath and, if nitric acid or ft nitrate was present, add to the residue 5 ml 
of concentrated HCI and evaporate again. Add 2 g of NaCl and 5 ml of concentrated 
HCI and evaporate to dryness. To this residue add 2 ml of concentrated HCI and 
dilute with water to 300 ml. 

2. Removal of Palladium, Rhodium, andiridium as Hydrated Dioxides. Heatthe 
solution to boiling and add 20 ml of 10 per cent NaBrOj solution. Carefully add 10 
per cent NaHCOa, until the solution, which is usually a dark green in color, shows 
evidence of the formation of a permanent precipitate. Test the acidity of the hot 
solution from time to time by allowing a drop of 0.01 per cent bromocresol purple to 
run down a stirring rod which has just been lifted out of the solution. Enough 
NaHCOj has been added when the pH of the solution has been raised to 6; then the 
indicator solution will change from yellow to blue when it meets the drop of solution 
that adheres to the bottom of the stirring rod. Now add 10 ml more of 10 per cent 
bromate solution and boil 5 minutes. To make sure that all palladium is precipi- 
tated, increase the pH of the solution to about 8 by adding more NallCOj solution 
dropwise until a faint pink color is produced in a test drop with a drop of 0 01 per 
cent cresol red Indicator solution. Add a final 10-ml portion of 10 per cent bromate 
solution and boil 15 minutes Filter through a porcelain or glass filtering crucible 
which has a solid side and porous bottom. 

Rinse the beaker and wash the precipitate with 1 per cent NaCl solution of pH 
between G and 7; the acidity should not exceed the point at which bromocresol indi- 
cator changes from blue to yellow. Use the filtrate for the determination of platinum 
and the precipitate for palladium, rhodium, and indium. 

The precipitate of hydrated PdOj, RhOj, and IrOj may contain a little platinum. 
To recover this, place the crucible, precipitate, and stirring rod in the beaker used for 
the precipitation. Cover with a watch glass and add 10-20 ml of 12 N HCI. Heat 
on the steam bath until all the dioxides have dissolved. Carefully lift up the crucible 
with the stirring rod, w’ash it with water, and transfer to a small beaker. Add to it 
5 ml of 12 N HCI and heat on the steam bath to leach out small quantities of metal 
chlorides m the porous bottom of the crucible. Pour off the acid into the main solu- 
tion and leach once more with acid. To the combined solution add 2 g of NaCl, 
evaporate to dryness on the steam bath, dilute to 300 ml with water, and repeat the 
precipitation of the hydrated oxides of Pd, Rh, and Ir. Two such precipitations serve 
to effect complete separation of platinum from palladium, rhodium, and iridium. 

3. Precipitation of Platinum as PtS^ Add 20 ml of 12 N HCI to each of the filtrates 
from the hydrolj'tic precipitation described under (2). Heat until there is no more 
evolution of COj, combine the two solutions, and evaporate to dryness. Make 
certain that all bromate is destroyed by adding 5 ml more HCI and again evaporating. 
Dissolve the residue in 100 ml of water, filter if necessary, and wash with 0 I A' HCI 
Add 20 ml of 12 N HCI, heat to gentle boiling, and pass a rapid stream of HsS through 
the solution Allow the solution to cool somewhat while continuing the passage of 
the gas. Filter through a paper filter, wash with O.l N HCI, and transfer the dried 
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PtSi precipitate to a weighed porcelain crudble. Ignite carefully, leach the residual 
metal with 0.1 N HCl, filter, ignite again, and weigh as Pt. The precipitate will 
contain a very httle sulfide. 

In work of the highest accuracy, dissolve the metal in aqua regia, remove nitroso 
compounds by adding HCl and evaporating to a moist residue, dilute, filter, wash the 
residue with 0.1 N HCl, dilute to 100 ml, and add 3 g of sodium acetate and 1 ml of 
formic acid for each 0.25 g of Pt. Boil gently until the deposited platinum is well 
coagulated and the supernatant liquid is colorless. Filter, wash with a hot 1 per cent 
NHiCl solution, and heat in a porcelain crucible. Leach with acid as above to 
remove any soluble salt, filter, and ignite again. Weigh os Pt. 


IV. Separation and Determination of Palladium 

Dissolve the precipitate of hydrated dioxides obtained in HI, 2, with HCl as 
described for the purification of the first precipitation of dioxides, filter the solution, 
and dilute to 400 ml. The solution can be aa much as 3.5 N in HCl or HNO*. Add 
a sufficient volume of 1 per cent solution of dimethylglyoxime in 95 per cent ethyl 
alcohol to precipitate all the palladium (and provide a shght excess — for 0.1 g of Pd 
use 25 ml of reagent). Set aside for an hour, filter into a weighed Gooch crucible, 
wash with 0.1 N HCl and then with water, dry at 110®, and weigh as PdCjHuNiO* 
with 31.67 per cent Pd. The precipitate is quite bulky, and If more than 0.15 g of 
Fd is present it is best to use an aliquot part of the solution. With small quantities 
of palladium an excess of 10 per cent reagent is recommended, but if a large quantity 
of palladium is present, a 10 per cent excess of solid dimethylglyoxime will contami- 
nate the precipitate. 

V. Separation and Determination of Rhodium 

Dilute or concentrate the filtrate from the palladium precipitate to exactly 500 ml 
and use half for the rhodium determination. To this add 10 ml of concentrated 
HiS 04 and 3 ml of concentrated HNOj. Evaporate until heavy fumes of HsSOi 
are evolved, cool, add more HNO*, and again heat to fumes Continue this treat- 
ment until no more charring results and all the organic matter has been destroyed. 
Dilute the cooled solution with 20 ml of water and again evaporate to fumes to 
destroy any nitroso compounds that might interfere in the determination of rhodium. 

Dilute the cooled solution to 200 ml and heat it to boiling. Add dropwise a solu- 
tion of TiClj (Chapter XVI, Procedure 3) until a drop of the supernatant liquid ap- 
pears shghtly purple. It is easy to find the end point if the beaker is held over a 
100-watt lamp and the liquid is stirred. The metallic rhodium quickly coagulates 
into a spongy mass. If much indium is present, the end point can be determmed by 
the lack of formation of any more precipitate and by the appearance of an orange 
color in the solution. BoO 2 minutes, filter through paper, and wash the rhodium 
with 0.9 N HjSOi at room temperature. 

Place the filter and precipitate in a 300-ml Erlenmeyer flask, add 10 ml of concen- 
trated HjSO*, char gently, and add 5 ml of concentrated HNOj. Heat and destroy 
organic matter as described in the previous paragraph, and again precipitate the 
rhodium as before with TiCHj. Redissolve the rhodium as before, and, after the 
removal of organic matter, dilute the sulfuric acid with 20 ml of water and add 10 ml 
of concentrated HCl. BoO the solution 15 minutes to get the rhodium into a state 
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from which it can be precipitated as sulfide. During the treatment the color of the 
solution will change from yellow to rose. Filter and wash with 0.1 N HCL 

Dilute the solution to about 450 ml, precipitate the rhodium as sulfide (RhjSi or 
Rh(SH) 3 ), and ignite to metal as described for platinum under III, 3. 

VI. Determination of Iridium 

The iridium can be determined in the filtrate from the rhodium precipitation with 
TiCI|. This involves (a) removal of the excess titanium with cupferron (see p. 1 55), 
(6) destroying the organic matter by treatment with HiSOi + HNO3 as described 
under V, (c) precipitating the indium as hydrated IrOj as described under III, and (d) 
igmting the hydrated IrOi first m the air and finally in hydrogen as described for 
osmium under I, 2. This method is capable of high accuracy, but it is much simpler 
to take the filtrate from the palladium determination, make up to a definite volume, 
and use one aliquot part for the rhodium determination and another for determining 
rhodium and iridium together, as follows: 

Precipitate the rhodium and iridium as hydrated dioxides as described under III, 2, 
but for washing the precipitate use a hot 1 per cent NH^Cl solution which is neutral 
to bromothymol blue instead of the NaCI solution. Impregnate the dried filter and 
precipitate with a few drops of saturated NH«C1 solution to prevent deflagration, 
and carefully ignite to a mixture of oxides. Heat this in hydrogen as described under 
I, and weigh the metallic residue of Rb + Ir. Make a correction for the quantity 
of Rh present as found under V, 

When the above procedure was tested by numerous analyses made at the National 
Bureau of Standards for quantities up to about 0 2 g of each metal, the results were 
excellent. Two grams of platinum is easily bandied. 



CHAPTER III 

GROUP m OF CATIONS 

ALUMINUM, CHROMIUM, TITANIUM, IRON, URANIUM, NICICEL, 
COBALT, ZINC, AND MANGANESE 

(a) DIVISION OF THE SESQUIOXIDES 

ALUMINUM, CHROMIUM, IRON, TITANIUM, AND URANIUM 

Aluminum, A1. At. Wt. 26.97 
Forms: Al^Oj, AIPO4, A1(C»H60N)3 
1. Determination as AIjOs 

To dotwimne alMminum as oxide, it is piecipWalcd as the bydtaUd o:dde 
as van Bemmelen has shown, is really AIjOj-xHtO rather than the hypothetical 
Al(OH)». 

The hydrated oxide is amphoteric and tends to fonn colloidal solutions. Because 
of its amphoteric nature it is best precipitated, as BIuxd’ has shoam, by keeping 
the hydrogen-ion concentration at about 10”’, as It is in pure water. Owing to 
the colloidal nature of the precipitate it is advisable to have ammonium salt in the 
solution and to wash the precipitate with water containing ammonium salt. The 
ammonium salt also prevents the precipitation of magnesium hydroxide by repressing 
the ionization of ammonium hydroxide. 

Procedure. To the solution containing at least 5 g of ammonium 
chloride per 200 ml, or an equivalent quantity of hydrochloric acid, add 
a few drops of methyl red indicator (0.2 per cent alcoholic solution) 
and heat just to boiling. Add G N ammonium hydroxide until the 
color of the solution changes to a distinct yellow. Boil for 2 minutes 
and filter promptly. Wash the precipitate thoroughly with hot, 2 per 
cent ammoruum nitrate solution. Ignite in an open crucible, cool, 
and weigh as AIjOs. 

Since A1,0, is hygroscopic and difficult to weigh unless it has been heated above 
1100®, it is best to finish the ignition in on electric furnace which is heated to 1200". 
The chief cause of high results, however, ia not bo much the absorption of moisture 
as it is contamination with silica from the action of the reagents on glass. 

The ammonia should be freshly distilled When kept for any length of time in 
glass bottles it invariably contains a little dissolved rilica which precipitates when 


’ Am. Chem. Soc., 38, 1282 (1916). 
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le ammonia is neutralized. Because of the solvent effect of acids and bases on glass, 
ily glass of the borosilicate type should be used in the chemical laboratory. 
According to Britton, aluminum hydroxide be^s to precipitate at pH = 4.14 
id the precipitate is dissolved at pH = 10 8. The above treatment ^ ith ammonium 
K-droxide serves to keep the pH within these limits; methyl red changes color at 
H = 4.4-6.0 Most separations of aluminum from other metal ions are based 
pon the regulation of the pll. A salt of a weak acid added to the aqueous solution 
■ an aluminum salt will serve to react with H'*' produced by hydrolysis and thus 
,vor the completion of the reaction. Tlie reaction is also helped if the weak acid 
unstable and breaks down as fast as it is formed because, in accordance with the 
lass-action law, a reaction is favored by the removal of any product formed. 
hancel‘ recommended sodium thiosulfate as a suitable salt: 

2A1**-*- + GHjO -» 2AI{OH), + 6n+ 
on* + 3S,or‘ 3SO, T + ss + sh^ 

Chancel’s Procedure. Add to the dilute, neutral solution (about 0.1 g 
.1 in 200 ml) an excess of sodium thiosulfate and boil until all traces of 
Os are expelled. Add CA^ ammonium hydroxide* until its odor is 
arely perceptible after blowing away the vapors, and continue boiling a 
ttle longer. Filter off the precipitate of Ai(OH)3 and S, wash it with 
ot 2 per cent ammonium nitrate solution, and ignite in a porcelain 
rucible. Such a precipitate of hydrated AljOi is much denser than that 
iroduccd by direct precipitation with ammonia and it is very easy to 
liter and wash. 

Alfred Stock* accomplished the same thing by adding a mixture of 
jotassium iodate and iodide. The reaction 

lOr + 51' + GH+ = SHsO + 31, 

s very sensitive to hydrogen ions, and, moreover, the free iodine can 
)e removed easily by adding sodium thiosulfate 
Ij + 2SiOs = SiO# + 21 

Stock’s Procedure. The solution in which the aluminum is to be 
ictermined should bo verj* slightly acid; if more acid is present add 
;odium hydroxide solution until a slight permanent precipitate is 
pbtained. Rcdissolvc by means of a few drops of hydrochloric acid. 
\dd equal volumes of a 25 per cent potassium iodide solution and a 
jaluratcd pota.ssium iodate solution (about 7 per cent KIOj). After 
ibout 5 minutes, decolorize the solution by the addition of a 20 per cent 
?odium thiosulfate solution and add a little more of the potassium iodide 
ind iodate mixture to make sure that enough is present. Add 1 or 2 ml 

‘ Compt. rend., 4C, 087; Z. anal Chem., 3, 39t. 

» If the addition of ammonia is omitted, the solution will retain traces of aluminum 
* Der., 1900, 51S. 
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more of sodium thiosulfate solution and heat the mixture half an hour 
on the water bath. The pure white precipitate settles out well and 
can be filtered through a filter with relatively wide pores, washed 
with hot 2 per cent ammonium nitrate solution, ignited, and weighed 
as AI2O3. 

Remark. The presence of calcium, magnesium, or boric acid does not interfere 
with the above determination, but if phosphoric acid is present, aluminum phosphate 
is precipitated. It is obvious that the method cannot be employed in the presence 
of organic substances such as tartaric acid, citric acid, or sugar, which prevent the 
precipitation of hydrated alumina. 

Wynkoop^ and Sehirm* used ammonium nitrite as a suitable salt of a weak acid. 

2A1+++ + GHiO 2Al(OH), + 6n+ 

6H+ + 6NOr -» 6HNO, CHNOi -» SHjO + 3NO + 3NOs 

W 3 mkoop and Schirm’s Procedure. If the solution is acid, add 
ammonia until the precipitate first formed dissolves only slowly on 
stirring. Add an excess of a 6 per cent solution of pure anunonium 
nitrite,® dilute the solution to 250 ml, and boil until no more fumes of 
nitrous oxides are evolved (about 20 minutes). Filter off the precipi- 
tate, wash with hot 2 per cent ammonium nitrate solution, ignite wet in a 
platinum crucible, and weigh as AljOs. 

Remark. In the presence of more than 1 per cent of ammonium salts, these are 
hydrolyzed enough so that the solution remains acid and the precipitation of the 
aluminum is incomplete even after long boiling. In such cases it is necessary to add 
some NH4OH to accomplish complete precipitation. 

2. Determination as AIPO 4 

If a solution containing alkaline-earth ion, and phosphoric acid is carefully 

neutralized, AlPO* will form before Al(OH)» or alkaline-earth phosphate. If, how- 
ever, the pH is raised a little hi^er, the precipitate is likely to become one of alkaline- 
earth phosphate and Al(OH),. In the ferric state, iron behaves like aluminum, and 
in the ferrous state like alkaline earth. 

It is quite common practice to determine aluminum in the presence of iron by 
reducing the iron to the ferrous state by sulfurous acid or sodium thiosulfate, adding 
ammonium phosphate, and then continuing the treatment with sodium thiosulfate 
as in the method of Chancel described on p. 149. The results are not entirely satis- 
factory, but Lundell and Knowles* have shown that the determination of small 
quantities of aluminum as phosphate can give very accurate and reproducible results. 
Their procedure is as follows: 

» J. Am. Ckem. Soc., 19, 434 (1897)- 

* Chem. Zlg., 1909, 877. 

* Sometimes the reagent contains a littie barium which should be precipitated 
with ammonium sulfate before using it in an analysis. 

*J. Am. Chem. Soc., 14, 1136 (1922). 
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To 400 ml of a solution containing sufl5cient acid to make it 0.3 N 
in HCl, add 1 g of (NH4)2HPOi, or more if this does not provide a ten- 
fold excess. Prepare some macerated filter pulp by tearing up ashless 
filter paper into small pieces and shaldng the paper in a stoppered 
flask with a little water until a creamy emulsion is obtained. Add 
some of this paper pulp to the solution to aid in the filtration of the 
AIPO4 precipitate. Add a few drops of methyl orange indicator solu- 
tion and enough ammonium hydroxide to make the color of the stirred 
solution yellow. Then make acid with 1 ml of 6 iV HCl, heat to boil- 
ing, and to the boiling solution add 30 ml of 25 per cent ammonium 
acetate solution. Boil 5 minutes, filter, and wash the precipitate with 
5 per cent ammonium nitrate solution until it is practically free from 
chloride. Ignite in an open porcelain crucible and weigh as AIPO4. 

3. Determination with 8-HydroxyquinoHne 

The use of this reagent is discussed briefly under " Magnesium/' in Chapter V. 
The aluminum salt of o«ne can be formed in dilute acetic acid solutions which arc 
buffered with ammonium acetate. The precipitate is easier to filter than aluminum 
hydroxide or phosphate, and some useful separations of alumbum from other ele- 
ments can be accomplished with this organic reagent. 

Procedure. Heat the solution, containing not more than the equiva- 
lent of 0.1 g AljOs and one or two drops of mineral acid per 100 ml, 
to about 70® and add an excess of the reagent (cf . “ Magnesium ”). Slowly 
add 2 N ammonium acetate solution until a permanent precipitate is 
formed, and then add 20-25 ml more. Allow the precipitate to settle, 
filter through a weighed Gooch crucible, wash with cold water, dry at 
120-140®, and weigh as AUCsHeON)# containing 11.1 per cent of AI2O3. 
The precipitate can also be dissolved and the 8-hydroxyquinolme deter- 
mined volumetrically (cf. " Magnesium ”). 

4. Determination of Small Quantities of Aluminum 

The most satisfactory test for very small quantities of aluminum is the formation 
of a red lake with aunn tncarboxylic acid, to which dye the trivial name aluminon 
has been given. This test (see Voi. I) can be made the basis of a colorimetric deter- 
mination of aluminum by comparing the result obtained in the unknown solution 
with that obtained under similar conditions w'lth known quantities of aluminum. 

The test is best made by adding the reagent to an acetic acid solution containing 
aluminum and then adding an ammomacal solution of ammonium carbonate. Under 
these conditions the final color of the dye alone is a pale yellow but the presence of 
aluminum causes a pink to deep red color. 

A similar lake is formed w ith beryllium. Iron, the chief interfering clement, must 
be absent because small quantities of iron giw a purplish red tint. Large quantities 
of phosphate prevent the formation of the aluminum lake. Silicon, bismuth, lead. 
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antimony, mercury, and titanium give wlutc precipitates. I/arge quantities of alka- 
line earths, basic salts, or hydroxides of chromium, yttrium, lanthanum, cerium, 
neodymium, erbium, zirconium, scandium, or thorium give red lakes but, fortunately, 
these are either dissolved or decolorized by ammonium carbonate. Cadmium, zinc, 
manganese, nickel, and cobalt give no precipitate. Reducing agents cause a fading 
color, but small quantities can be present if the color comparison with standards is 
made promptly. In short, the colorimetric determination of less than 0.1 mg of 
aluminum by means of aluminon is very satisfactory when no interfering ion is present 
but there are so many possibilities of interference that anomalous results are often 
obtained. The results are perfectly satisfactory in dilute solutions containing only 
aluminum salt in solution but in practice the chief problem lies in removing the 
interfering substances without, at the same time, removing a part of the aluminum.^ 

Colorimetric Procedure. For the test, prepare a solution containing 
0.005 to 0.1 mg of aluminum in 20-30 ml of 0.5 N hydrochloric acid. 
Usually this represents an aliquot part of a more concentrated solution. 
Iron, beryllium, and large quantities of any of the above-mentioned 
interfering elements must be absent. Add 10 ml of 6 iV acetic acid 
and 5 ml of a 0.2 per cent solution of aluminon. Slowly add, while 
stirring, a 10 per cent solution of (NH4)2C0j in 6 iV NH4OH until an 
excess of 5-10 ml is present (about 15 ml should be sufficient). Com- 
pare the color with standards which contain known quantities of alumi- 
num with the same quantities of hydrochloric acid, acetic acid^ aluminonf 
and ammonium carbonate reagent as were used in the test. Nessler 
tubes are convenient for the comparison, which is best made by looking 
downward through the entire solution against a white surface. 

Aluminum is precipitated by tannin in the presence of alkali acetate as a volumi- 
nous tannin adsorption complex, and the precipitation is not prevented by tartaric 
acid. This procedure is described later (see p. 222). 

IRON, Fe. At Wt. 66.86 
Forms: Ferric Oxide, FcjOj, and Metallic Iron 
Determination as FezOs 
1. By Precipitation with Ammonia 

The precipitation of ferric iron by means of ammonium hydroxide can be accom- 
plished as described under “ Aluminum,” but when only iron is present it is not neces- 
sary to keep the solution so near the neutral point because ferric hydroxide is not 
appreciably dissolved by an excess of ammonia and does not form a colloidal solu- 
tion when washed vrith a moderate amount of hot water. The same precautions as 
described under ” Aluminum ” should be taken with regard to the use of freshly dis- 
tilled ammonium hydroxide and the use of the best grades of glass that are not 

^ Cf. Lundell and Knowles, Ind. Eng, Chem., 18, GO (1926); Yoe and Hill, J, Am. 
Chem. Soc., 49, 2395 (1927). 
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attacked to any extent by dilute bases. Theprecipitateisratherbulky; anordinary 
9-cm filter will hold only about 0.2 g of iron as hydrated oxide. 

Procedure. Heat the solution to about 70°, and at a volume of 
200-300 ml precipitate hydrated ferric oxide by the addition of a slight 
excess of 6 7/ ammonium hydroxide. Allow the precipitate to settle 
and wash it twice by decantation with 50-ml portions of hot water. 
Transfer the precipitate to the filter with the aid of a rubber policeman 
and wash it on the filter with hot 2 per cent ammonium nitrate solution 
until free from chloride. Do not wash with ammonium chloride solu- 
tion because ferric chloride is vol.atile upon ignition. Ignite slowly and 
carefully in an open porcelain or rilica crucible and weigh as FezOs. 

Remarks. It is not advisable to heat the precipitate over the blast because 
Fes 04 is formed at high temperatures. This magnetic oxide is also formed if the 
carbon of the filter is not consumed at a low temperature When once formed it 
cannot be changed back to the less stable FejOj by heating. The color of the ignited 
oxide does not indicate the presence of magnetite, for pure feme oxide is nearly black 
after strong ignition. The ignited oxide is difficultly soluble in dilute hydrochloric 
acid but can be dissolved by long digestion with concentrated hydrochloric acid on 
the water bath. 

The formation of magnetic irotx oxide during the ignition of ferric hydroxide is said 
to be prevented by stirring some ashless filter-paper pulp (see p 151) into the liquid 
after the precipitation by ammonia. 

The wash bottle shown in Fig 10 on p 35 is useful for work with hot water or with 
bad-smelling wash liquids It is well to wind the neck of the wash bottle with heavy 
curtain cord, if it is to be used for hot water. 

If the iron is in solution either as the ferrous or the ferric salt of a volatile acid, it 
can be readily converted into ferric oxide by evaporation with sulfuric acid and igni- 
tion of the residue. 

2. Determination as Metallic Iron 

Iron may be determined by electrolysis, but this method offers no 
advantages over the gravimetric method just described or the volumetric 
process (sec Part II). 

In the analysis of oxidic iron ores or of mixtures of considerable 
iron oxide with comparatively little alumina, titanium dioxide, or 
silica, the following method is accurate and rapid.^ 

Weigh the finely po^Ydered* substance in a porcelain boat. Intro- 
duce the boat into a tube of difficultly fusible glass and heat to redness 
in a stream of dry hydrogen until no more drops of water condense 
on the cool, front end of the tube, and the contents of the boat appear 

‘Rivot, Ann. chim. phys., 131 30, 18S (1850); Ann., 78, 211 (1850). 

*remc oxide after having been powdered and ignited is so hygroscopic that the 
porcclrun bo.at should be placed within a weighing beaker with ground-glass top 
immediately after remoxing it from the desiccator, and then weighed. 
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gray and not black. By this means the ferric oxide is reduced to 
metallic iron : 

FejOs + 3 H 2 = SHaO + 2Fe 

After cooling in the stream of hydrogen, again weigh the boat and its 
contents after they have remained some time in a desiccator. The 
loss in weight p represents the amount of oxygen originally combined 
\vith the iron, from which the amount of iron can be calculated: 

2Fe 

• p = 2.327p = weight of iron 

Remark. In attempting to reduce terric oxide to iron by means of hydrogen, 
it is very important to heat the oxide to bright redness. At a dull red heat, the oxide 
is, to be sure, reduced to metal, but in such cases black pyrophoric iron is formed 
which cannot be exposed to the air and weighed without becoming oxidized. By 
heating to a bright red heat, however, the iron becomes gray, is no longer pyro- 
phoric, and can, if allowed to cool in the stream of hydrogen, which is subsequently 
replaced by carbon dioxide, be safely weighed in the air without fear of oxidation. 

Although this method is extremely simple, and the corresponding oxides of alu- 
minum, chromium, titanium, zircon, etc., are not reduced under the same con- 
ditions, it should be used with caution and only when the ferric oxide greatly pre- 
dominates in a mixture of oxides. Otherwise the reduction of the iron is incomplete 
on account of some of the ferric oxide being enclosed within the particles of foreign 
oxide. This has been proved by the work of Daniel and Leberle* and by Treadwell 
and Wegelin. Moreover, the above compulation shows that the error in determining 
the weight of reduced iron is multiplied by 2 33 in the computed weight of iron. 

It is more accurate to dissolve the metallic iron in dilute sulfuric acid out of con- 
tact with the air and determine the amount present volumetrically by titrating with 
potassium permanganate solution. 

3. By Precipitation with Cupferron 

Cupferron, the ammonium salt of phenylnitrosohydroxylamine, has the formula 
CgHjN'NO ONH4. It has found valuable use in quantitative analysis because it 
precipitates ferric iron, copper, zirconium, (hafniam), quadrivalent uranium, tita- 
nium, vanadium, quadrivalent tin, columbium, and tantalum. Precipitation takes 
place in the presence of considerable mineral add, and the reagent is useful in separat- 
ing the above-mentioned elements from aluminum, beryllium, phosphate, borate, 
manganese, nickel, and sexivalent uranium, all of which are likely to precipitate more 
or less completely when iron is thrown down as hydrated ferric oxide by the addition 
of ammonia. The use of cupferron was recommended strongly by 0. Baudiseh.* 

iZ. anorg. Cfiem , 34, 393 (1903). 

* Chem. Zig., 33, 1298 (1909). See also Baudiseh and King, Ind. Eng. Chem., 3, 
629 (1911); Schroeder, Z. anerg. Chem , 72, 89 (1911); Nissenson, Z. angev3. Chem., 
23 , 969 (1910); R. Fresenius, Z. anal. Chem., 60, 35 (1911); Lundell and Knowles, 
Ind. Eng. Chem., 12, 344 (1920); Auger, Compl. rend., 170, 995 (1920); Mariel and 
ICamm, J . Ant, Chem. Soc., 41, 276 (1919) ; &>lladay and Cunningham, Trans. Am, 
Eleclrochem. Soc., 43, 329 (1923); Klii^ and I^ieur, Compt. rend, 170, 1112 (1920); 
N. H. Furman, Ind. Eng. Chem , 16, 1071 (1923); Pinknis and Claessens, Btdl. soc. 
chim.Belg., 31, 413 (1927); H. Pied, Compt. rend., 179, 897 (1924). 
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The reagent is used in the form of a 6 per cent aqueous solution. The solution should 
be made up as needed for it decomposes slowly with the formation of nitrobenzene. 
The dry reagent should be kept in a cool, dark place, preferably under a bag of 
ammonium carbonate suspend^ from the stopper of the bottle. Germuth* states 
that the stability of the aqueous solution is increa^ by the addition of 50 mg aceto- 
phenetidide (CjHfOCjHj-NH CiHjO) per liter. 

The precipitates formed can be regarded aa gaits of phenylnitrosohydroxylamine 
in which the NIR radical of the reagent is replaced by the cation n hich is prccipi* 
tated. In accordance with Werner’s valence theory, the metal “ is co-ordinated both 
with the oxygen of the OH group (by principal valences) and with the oxygen of the 
NO group (by subsidiary valences).”* On this basis, the ferric salt is a non-ionizable 


compound of the coordination formula 




The trivial name, cupferron, was suggested by Baudisch because it precipitates 
copper and iron from acid solutions and separates them from aluminum, chromium, 
manganese, etc. When the cupferron precipitates of iron and copper are washed 
with dilute ammonia, the iron compound is converted into insoluble hj’drated ferric 
oxide and the copper compound dissolves with the formation of blue copper-ammonia 
Ions. In the original filtrate, the excess cupferron can be destroyed by evaporating 
the solution and heating witii euUuric and nitric acids. 


Procedure. To 200 ml of solution contnlning 0.2 g or loss of iron in 
tlio ferric state, add 20 ml of 12 N HCl or 10 ml of concentrated sulfuric 
acid. Cool to about 10® and slowly introduce the cold 0 per cent cup- 
ferron solution while stirring until no more precipitation takes place. 
An excess of reagent is indicated by the formation of a temporarj’ cloud 
of a fine, white precipitate wliich rcdissolvcs ns contrasted uith the 
fiocculcnt and insoluble cupferron iron precipitate. When this white 
precipitate of phenylnitrosolo'droxylaminc forms, add about n quarter 
ns much more of the reagent to make sure tliat a liberal e.xce&s is present. 
Stir in a little macerated a«hlc‘*s filter-paper pulp, allow the precipitate 
to settle for about 15 minutes, and then filler. Wash the precipitate 
first xritli cold 2 iV IICl (or IIsS 04 ) containing 1.5 g evipferron per liter. 
Then w.a.sh uilli dilute ammonia, to remove any copper and convert the 
iron to hydrated feme oxide, and finally with water. Drj’, ignite and 
weigh as TcjOj. 


Tlic cupferron precipitate can l>e wa.«)iod with water until free from acid and 
ignitwl directly without the treatment with dilute ammonia. This requires more 
attention aa the precipitate on l>cinR heatnl tends to liquefy and rfTerac«rc. If the 
cupferron precipitate flicks to tlie sides of the lieakcr it can l>e loo«v‘ne»l by adding a 
little ether and the iron recovcml by pouring the ether into dilute ammonia. Tlic 
precipitation with cupferron will take place in Uic presence of tartaric acid, but it Is 

*CAfrfitiMna/ysr, 17, 3 (1P2S) 

* Henry* BarvU, The Theory of QuantUatire AnalyU. 
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advisable to add permanganate to the add solution until a permanent pink color is 
obtained, in order to make sure that the iron is all in the ferric state before precipi- 
tating with cupferron. 

4. Colorimetric Determination 

Very .small quantities of iron are best determined by measuring in a colorimeter or 
in Nessier tubes the depth of red color produced by ferric and thiocyanate ions. 
Schlesinger and Van Valkenburgh* think that the red color is due to the formation of 
the complex salt re[Fe(CNS)8]. This view is substantiated by the facts that the 
molecular weight in ether or benzene corresponds to this formula and in electrolysis 
the complex [Fe(CNS)«l ion migrates toward the anode. Most of the facts, how- 
ever, can be explained by the simpler assumption that undissociated Fe(CNS)j is 
formed. For the production of the color a considerable excess of thiocyanate is 
desirable, and the solution should be between 0.05 and 0 6 V in hydrochloric or nitric 
acid. Sulfate is preferably absent, except in small quantities, because sulfate ions 
have a tendency to form complexes with ferric ions. 

Procedure. Prepare a standard solution containing 10 mg of Fe per 
liter. To do this take exactly 0.0100 g of pure iron wire, 0.0498 g of 
FeSOrTHsO, 0.0702 g of FeS 04 -(NHi)jS 04 > 6 H 20 , 0.0864 g of Fe2(SO03- 
(NH4)2S04-24H20, or 0.0902 g of Fe2(S04)s*K2S04-6H20, and dissolve 
in '20 ml of Z N HCl. Dilute the solution somewhat and add 
0.1 N ICMn 04 to the cold solution until a slight excess is shown by the 
pink color. This is to make sure that all the iron is in the ferric state. 
Transfer the solution to a liter volumetric flask, dilute to the mark, and 
mix by pouring back and forth at least 4 times into a large beaker which 
is dry at the start. 

In each of several 50-ml Nessier tubes place 10 ml of N KCNS solu- 
tion and an equal volume oi 2N HCl. To one of these add an aliquot 
part of the ferric chloride solution to be tested and water up to the mark. 
To another add the standard ferric chloride solution from a buret until 
the color matches that of the unknown solution. Then make up to 
50 ml and add more of the standard if nec<^sary. It is best to look down 
into the tubes, which should be placed against a white background. 

The color comparison can also be made in a colorimeter. The results 
are accurate to about 2 per cent of the actual iron content, and the color 
comparison is best made with solutions containing between 0.04 and 
0.1 mg Fe in 50 ml. It is possible to determine 0.001 to 1.0 mg of Fe 
in this way. 

Determination of Iron and Sulfur in Ferrous Ammonium Sulfate 

The determination of iron is one of the best known of all the gravimetric methods 
of analysis, and for many yeare it has been the custom to require most students of 


J. Am. Chem. Soc., 63, 1212 (1931). 
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analyiical chemistry in the colleges of the United States to cany out an analysis 
of ferrous sulfate or of ferrous ammomum sulfate. In a sulfate solution, some 
basic ferric sulfate is often formed if the precipitation of ferric hydroxide is ac- 
complished by merely neutrahzing with ammonia. It is the general practice, 
therefore, to dissolve the first precipitate in acid and repeat the precipitation with 
ammonia 

It has been shown, however, that the formation of basic sulfate can be prevented 
if a considerable excess of ammonium hydroxide b used. 

Procedure. Weigh out, to the nearest milligram, duplicate portions 
of 0.7-1.0 g into 400-ml beakers. Moisten the sample with 5 ml of 6 iV 
hydrochloric acid, dilute wth 5 ml of water, and heat, if necessary, to 
dissolve the sample. Heat nearly to boiling, and to the hot solution 
add concentrated mtric acid, drop by drop, until all the iron is oxidized 
to the ferric condition. When the iron is partially oxidized, the nitric 
oxide combines wth the excess of ferrous salt, forming a dark brown, 
unstable compound. Continue adding the nitric acid until the dark 
color fades and a clear yellow solution is obtained. Not more than 2 ml 
of nitric acid should be necessary.* Boil gently for about 3 minutes to 
remove the reduced nitrous compounds. Dilute to about 200 ml and 
neutralize with ammonium hydroxide, finally adding 5-7 ml of concen- 
trated ammonium hydroxide in excess. Heat carefully to about 70® and 
allow the precipitate to settle. Filter through a filter that has an ash 
of less than 0.1 mg, wash the precipitate twice by decantation with 
60-ml portions of hot water, and finally with hot water from the wash 
bottle until free from chloride. Ignite slowly and carefully in an open 
porcelain or platinum crucible and weigh as FesOj. Report the percent- 
age of iron present in the sample. 

Dilute the filtrate to about 400 ml, neutralize with hydrochloric acid, 
and add 25 milli-equivalente in excess. Heat to boiling and precipitate 
the sulfate as described under “Sulfuric Acid” (Hintz and Weber). 

TITANIUM, Ti. At Wt. 47.90 

Titanium occurs very commonly in rocks but usually only in small 
quantities. It occurs together with zirconium, cerium, and thorium 
and is very similar to zirconium in its chemical behavior. 

For the determination of small quantities of titanium the colorimetric 
method is very satisfactorj’ except when large quantities of iron, phos- 
phorus, alkali salts, or even traces of \'anadium are present. When 

‘Bromine or hydrogen peroxide can be used instead of nitric acid. If a black 
iron precipitate is obtained later upon addbg ammonium hydroxide, owing to incom- 
plete oxidation, add 10 ml of 3 per cent hydrogen peroxide and heat till the precipitate 
is reddish brown. 
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these elements interfere it is not advisable to try the colorimetric deter- 
mination until after they have been removed. 

When titanium is unaccompanied by other cations of this group it is 
best to precipitate it with ammonia. The precipitate of Ti(OH)4, or 
hydrated TiOz, is not dissolved by an excess of ammonia and is easily 
converted into TiOs by ignition. 

Usually it is necessary to remove titanium from interfering elements 
and then, after the separation has been accomplished, it is best to deter- 
mine the titanium volumetrically or coloriraetrically. 

In Schoeller and Powell’s method (cf. p. 222) titanium is precipitated 
as the red tannin adsorption complex from fairly acid oxalate solutions, 
which provides a quantitative separation from aluminum. The Gooch 
method depends upon adding alkali acetate and carrying out a basic 
acetate precipitation. The titanium precipitates in the presence of 
sufficient acetic acid to keep most of the aluminum in solution. The 
Baskerville method is based upon the fact that a nearly neutral solu- 
tion of titanium and iron chlorides when boiled with sulfurous acid at 
moderate dilution gives a precipitate of titanium hydroxide while the 
iron remains in solution in the ferrous state. Thornton recommends 
the use of cupferron (ammonium nitrosophenylhydroxylamine). 'These 
methods will be discussed under the separations described a little 
farther on. 

1. Determination as Titanium Dioxide 

Precipitate mth ammonia in the manner described under “ Iron ” 
(p. 153) or, to the nearly neutral solution, add 10 g of ammonium acetate 
and 10 ml of glacial acetic acid. Dilute to about 150 ml, heat to boiling, 
and filter. Wash the precipitate with 7 per cent acetic acid, ignite, and 
weigh as TiOz. 

Titanium is precipitated quantitatively by cupferron in dilute sulfuric acid. The 
solution can be as much as 14 iV in sulfuric acid and can contain 1 per cent of tartaric 
acid. Ignition of the precipitate gives TiOj Aluminum, chromium, uranyl, nickel, 
alkaline earths, and phosphate do not interfere under suitable conditions. Iron, 
zirconium, columbium, tantalum, vanadium, certain rare earths, tungsten, copper, 
lead, silver, mercury, and bismuth are also precipitated by cupferron (cf. p. 

The Ibt of interfering elements is long, but several of them can be removed easily 
before precipitating n-ith cupferron. Thus copper, lead, silver, mercury, and bismuth 
can be removed with hydrogen sulhde in the presence of acid, and iron can be removed 
as sulfide in an ammoniacal tartrate solution; the tartrate prevents the precipitation 
of iron, aluminum, titanium, etc., by ammonia. Titanium is almost always present 
to some e.Ttent in rocks but some of the other elements are rarely present. In work- 
ing with solutions containing titanium, it is necessary to remember that titanium salts 
hydrolyze readily and, when once precipitated, the metatitanic acid, HtTiOj, or 
a basic titanium salt is very hard to dissolve again. Titanium phosphate is also hard 
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to dissolve in acid, and small quantities of titamum and phosphate are usually present 
with the silicic acid that separates when an acid solution is evaporated to dryness. 
To recover the titanium from the silica, it is amplest to volatilize the silica with sul- 
furic and hydrofluoric acids and fuse the teadue with potassium pyrosulfate. In 
ordinary commercial work, the iron, aluminum, titanium, zirconium, etc., are com- 
monly reported as “ combined oxides,” in which case the residue obtained after the 
removal of silica with hydrofluoric acid is considered part of the “ combined oxides,” 
and the hydroxide precipitate is ignited in the same platinum crucible that contains 
the residue from the silica determination and the weight of the originally empty 
crucible is deducted from the weight of the crucible plus “ combined oxides.” If, in 
an analysis, an attempt is made to dissolve titanium hydroxide from a paper filter, 
the paper should eventually be ignited in order to recover m the ash the titanium 
that invariably remains invisibly attached to the paper. 

For the small quantities of titanium occurring in rocks containing no appreciable 
quantities of the typical titanium minerals such as ilmenite and rutile, the following 
colorimetric procedure is used. It is suitable for the analysis of titanium ores when 
a portion of the solution representing only about 0 01 g of ore is taken for the colori- 
metric comparison. 

2. Detennination of Titanium Colorimetrically. Method of A. Weller' 
(Suitable for small quantities of titanium) 

This determination depends upon the fact that acid solutions of titanium sulfate 
are colored yellow to orange when treated with hydrogen peroxide; the yellow color 
increases with the amount of titanium present and is not altered by an excess of hydro- 
gen peroxide On the other hand, inaccurate results are obtained in the presence of 
hydrofluoric acid (Hillebrand), consequently it is not permissible to use for thb 
determination hydrogen peroxide which has been prepared from barium peroxide 
by means of fluosilicic acid.* The so-called Perhydrol is excellent though other 
commercial brands of hydrogen peroxide are satisfactory. The strength of the 
peroxide, which need not be above 3 per cent, should be determined approximately 
by titration with permanganate from time to time or error may result from deteriora- 
tion of the reagent on standing. The oxidation with hydrogen peroxide should take 
place in solutions which are at least 1.8 N m IltSOi, and it is usually better to make 
the solution 3 6 iV in this acid Iron, nickel, and cobalt interfere if present m suffi- 
cient quantities to color the solution ; error caused by a little of these elements can be 
overcome by adding corresponding quantities to the standard solutions before the 
addition of hydrogen peroxide Chromic, vanadic, and molybdic acids and cerium 
interfere because they also form colored compounds w ith hj’drogen peroxide. Sexiva- 
lent chromium and molybdenum and quinqucvalent vanadium give color tests with 
hydrogen peroxide, but these elements can be removed by precipitating the titanium 

»Rcr., 16, 2593 (1882). 

*To test for fluorine: Add a slight excess of sodium carbonate to 50 ml of the 
reagent and heat to decompose the peroxide Filter if a precipitate forms and add 
to the boiling solution an excess of calcium chloride. Filter and ignite the precipi- 
tate Add acetic acid till the calcium carbonate is dissolved, filter, wa-sh and 
ignite the residue gently Test w ilh sulfunc acid to see if a gas is evolved w Inch w ill 
etch glass, or v, ith sulfuric acid and silica to see If a gas is evolved which makes a 
drop of water turbid. 
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It is most convenient in rock analy^ to determine titanium in the 
solution which has been used for the titration of the total iron after 
fusing AI2O3, FesOs, etc., with KjSsO?. For accurate work, however, 
correction should be made for the iron and alkali content. 

If necessary, evaporate the sulfate solution containing the titanium 
to less than 100 ml. It should be at least 1.8 N in H 2 SO 4 . Add suffi- 
cient hydrogen peroxide to oxidize the titanium fully. Then, if the 
color is less than that of the standard, dilute to exactly 100 ml. If 
the color is deeper, dilute to 200 ml or until the shade is weaker than 
the standard. Using a colorimeter or Nessler tube, dilute 10 ml of the 
standard solution with 5 per cent sulfuric acid from a buret until, when 
viewed horizontally, the color matches that of the solution being ana- 
lyzed. Repeat the comparison with several portions of the standard. 
Then, since the volume of the diluted standard and its titanium content 
are known, it is easy to compute the weight of TiOa per milliliter of the 
solution being analyzed. Thus if a ml of the standard (0.1 mg per ml) 
were diluted with b ml of acid to make it correspond to the color of the 

0 Id X A 

tested solution, of which the total volume was A ml, then « 

a + h 


milligrams Ti 02 present. 


To correct for iron, it is usually sufficient to assume that the coloring power of 
0.1 g of FejO, in 100 ml of 5 per cent sulfuric acid is about equal to 0.2 mg of TiOj 
in the same volume It is more exact, however, to add to the standard a quantity 
of ferric alum solution that corresponds to the weight of iron in the sample. If A is 
the milliliters of the test solution used in a preliminary test, made as just described, 
a the milliliters of the standard used, 6 the milliliters of acid used, p the weight of 
FejO, corresponding to the iron in A, and x the weight of iron (m terms of FeaO,) 
which should be present in each milliliter of 5 per cent sulfuric acid used for diluting 
the standard, then since bx is the weight of Fe,0} in (a + b) ml of diluted standard 


the weight of Fe20» per milliliter of solution being tested, we have 


P 

A 


bx 

a + h 


and 


X 


p(a + b) 
Ab 


To correct for the bleaching effect of alkali sulfate, a similar computation will 
show how much should be added to the 5 per cent sulfuric acid solution used in dilut- 
ing the standard. In ordinary rock analysis, howe^^^, no correction need be applied 
for the alkali sulfate present if the TiOx content exceeds 0.02 g, when 6 g of potassium 


If vanadium is present, precipitate the titanium (and vanadium) with ammonia 
and fuse with sodium carbonate Sodium vanadate is formed, which dissolves in 
water Sodium titanate is hydrolyzed and none of it dissolves in water. After 
extracting with water, therefore, fuse the r^due with K2S2O7 and dissolve the melt 
in 5 per cent sulfuric acid. 
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Coasiderable phosphoric acid has a bleaching effect, but the quantity present in 
rocks is too small to be serious. It is not advisable, however, to attempt to compen- 
sate the effect of ferric sulfate by adding phMphoric acid, although this practice has 
been recommended. 

Direct Colorimetric Determinatioii. Take 0,100 g of finely powdered 
titanium ore and fuse it mth 10 g of KHSO* in a small porcelain dish of 
about 65-mm diameter at the top. To avoid loss by spattering, it is 
best to heat the KHSO4 carefully by itself until all the hydrogen is 
removed as water and the residual forms a quiet melt. To the 

fused pyrosulfate, carefully add the weighed sample of ore and heat 
until a clear melt is obtained. The temperature should be raised slowly 
until fumes of sulfuric anhydride are evolved,- but it is best not to con- 
vert the pyrosulfate entirely to KjSOi. Cool, carefully add 6 ml of 
concentrated sulfuric acid, and heat until the melt is dissolved. Cool, 
add about 100 ml of water, and boil. Transfer to a 500-ml flask, make 
up to the mark with 2 H2SO4, and mix by pouring back and forth 
several times into a beaker. One milliliter of the solution =* 0.001 g of ore. 

Take 25.00 ml of this solution, add 2 ml of 3 per cent hydrogen perox- 
ide, and dilute to the mark with 1.8 N HsS 04 in a 50-ml Nessler tube. 
In a similar Nessler tube take about 48 ml of 2 H2S04 and 2 ml of 

3 per cent H 3 O 2 . Add the standard from a buret until the color of the 
standard solution matches that of the unkno^vn solution. The com- , 
parison can be made in a colorimeter to advantage. 

In colorimetric comparison with Nessler tubes, greater depth of color is obtained 
when the solutions are viewed vertically agjunst a white background; it makes very 
little difference how much liquid is in the tube. When viewed horizontally the color 
is fainter in proportion to the amount of dilution. As a general rule, Bmall quantities 
are best detenmned by looking vertically into the tube, but with larger quantities of 
material it is advantageoxis to dilute the more deeply colored solution until a match is 
made when viewed horizontally; in this case the volumes of standard and of solution 
measured m\ist be known precisely. 

Chromium, Cr. At. wt. 52.01 
Forms; Chromic Oxide, CraOsj Barium Chromate, BaCrOi 
(a) Chromic Compounds 
Determination as Chromic Oxide 
1. By Predpitalion with Ammonia'’ 

If the chromium is present in solution as chromic compound it can 
be precipitated exactly as described under “ Aluminum,” by means of 


1 Cf. C. Rothaug, Z. anorg Chem., 84, 165 (1914). 
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the slightest possible excess of ammonia^ in the presence of considerable 
ammonium salts (or, better still, by the addition of freshly prepared 
ammonium sulfide solution to the boiling solution). Wash the pre- 
cipitated Cr(OH )3 wth 2 per cent ammonium nitrate solution and 
ignite wet in a platinum crucible. Cool and weigh as CraOs. The 
results obtained are always a few tenths of a per cent too high on ac- 
count of the formation of small amounts of chromic chromate. It is 
best, therefore, to heat the precipitate and allow it to cool in a stream 
of hydrogen. Use a Rose crucible and introduce hydrogen from a 
Kipp generator. AYeigh as CrjOj. 

If phosphoric acid is present, it will be found in the precipitate. 
In this case fuse the dried precipitate in a nickel crucible with sodium 
carbonate and sodium peroxide, whereby sodium chromate and sodium 
phosphate are obtained. Determine the chromate volumetrically as 
described for the analysis of chTomite. 

2. By Prccipitalion mth Potassium lodide-Iodate Solution, Method 
of Stock and Massaciu^ 

Cany out the determination as with aluminum (cf. p. 149). Treat 
the slightly acid* solution, contained in a porcelain dish, with a mixture of 
potassium iodide and iodato, decolorize after a few minutes by means of 
sodium thiosulfate solution, treat with a little more iodide and iodato 
and then again with a few' milliliters of sodium thiosulfate, and heat 
half an hour on the w'atcr bath. The flocciilent precipitate of chromic 
hydroxide settles quickly. Filter, ignite in hydrogen, and weigh as 
CrjOj. 

3. By PTeciviiaiion vnth Ammomum Nitritf^ 

If the solution of the chromic Kilt is acid, neutralize with ammonia 
until a slight permanent precipitate is obtained. Dissolve this pre- 
cipitate with a few drops of hydrochloric acid and add an excess of C 
per cent ammonium nitrite. Boil the liquid until all nitrous fumes have 
l)cen expelled. By this means practically all the chromium will have 

* An cxcc«s of nmmoni.i prevent.*! the complete precipitation of the chromium 
hydro\ide; the filtrate is then colored pink. In such case*! the filtrate must be boiled 
until the c'CfC’yi of ammonm is CTpeHcd and all the chromium is precipitated. 

*Rfr., 1901, 4G7 

• If the solution is slronRly acid, it is neutralized by the addition of pure KOH 
eolution, drop by drop, until a faint permanent turbidity is obtained. 

*11 &lurm, Chan. Zig , 1909, 877. Cf p 150. Accordinf; to Schoeller and 
Pchrauih (ihid , 1909, I2S7), iron, clironuum, aluminum, and zinc can be precipi- 
tated by means of aniline. 
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been precipitated, but in order to throw down the last traces, add 
ammonia, drop by drop, until the odor of free ammonia barely persists 
in the solution. Allow the precipitate to settle while the beaker remains 
on the water bath, filter, wash with hot water, ignite wet in a platinum 
crucible in an atmosphere of hydrogen, and weigh as Cr^Os. 

(6) Chromates 

If the chromium is present in solution in the form of an alkali chro- 
mate, free from chloride and large amounts of sulfuric acid, it may be 
determined very accurately by precipitation with mercurous nitrate 
solution as mercurous chromate; on ignition the latter is changed to 
CraOa. 

Procedure. To the neutral or weakly acid solution add a solution 
of pure mercurous nitrate; brorni, basic mercurous chromate 
( 4 Hg 20 * 3 Gr 03 ) is formed. On heating to boiling, the precipitate 
becomes a beautiful, fiery red, being converted into the neutral salt 
HgjCrOi. This red salt settles very quickly, and if the precipitation 
is complete the solution above the precipitate will be colorless. After 
cooling, filter the precipitate off, wash it thoroughly with water con- 
taining a little mercurous nitrate, dry, and separate from the filter as 
completely as possible. Bum the filter in a platinum spiral, and ignite 
the ash with the main portion of the precipitate, gently at first and 
finally strongly, in a platinum crucible under a hood udth a good draft. 
Weigh the residue as CrsOj. 

The purity of the mercurous nitrate must be tested before it is used. 
Five grams of the salt should leave no residue after being ignited. 

This excellent method for the determination of chromium unfortu- 
nately permits only a very limited application. If the solution contains 
any considerable amount of chloride, mercurous chloride will be pre- 
cipitated wth the mercurous chromate, which, although volatile on 
ignition, renders the precipitate too bulky and the method inaccurate. 

If, therefore, it is necessary to determine chromium present as chro- 
mate in a solution containing chloride, two other methods arc at our 
disposal. The chromate may be reduced by boiling wth sulfurous acid 
(or by evaporating with concentrated hydrochloric acid and alcohol) 
and analyzed according to (a), or it may just as accurately, and much 
more conveniently, be determined by precipitating as barium chromate. 

Determination as Barium Chromate 

There are many wa5’s in which dtromium can be oxidized to chromate. In the 
analysis of chromium minerals, fusioii with sodium peroxide is commonly resorted to, 
and usually the analysis is finished determining the volume of ferrous sulfate 
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solution required to reduce the chromate or the volume of sodium thiosulfate required 
to react with the iodine liberated when chromate is reduced by hydriodic acid. These 
methods will bo discussed under “ Volumetric Analysis.” In qualitative analysis 
the barium is usually identified by precipitation as barium chromate; this precipitate 
can be weighed and used for the determination of either barium or chromium. When 
the chromate solution has been prepared by fusion with sodium peroxide, the aqueous 
solution should be boUed until excess peroxide has been decomposed and then made 
acid \sith acetic acid. Chromium can also be weighed as PbCrO** or as CrPOi.* 

Procedure. To the boiling neutral solution, or one weakly acid with 
acetic acid, add a solution of barium acetate, drop by drop,® and, after 
standing for some time, filter through a Gooch crucible (without using 
very strong suction, as otherwise the filter will soon get stopped up and 
the solution will filter extremely slowly). Wash the precipitate with 
hot water till all soluble barium salt is removed, then with dilute alcohol 
and dry in the hot closet. Suspend the crucible in a larger one of 
porcelain by means of an asbestos ring (cf. p. 59) and heat, at first 
gently, and finally over the full flame of a good Bunsen burner. After 
5 minutes remove the cover and continue heating until the precipitate 
appears a uniform yellow throughout. Cool in a desiccator and weigh 
as BaCr 04 . 

Sometimes the precipitate appears green on the sides of the crucible 
owing to a slight reduction (by means of dust, traces of alcohol, etc.) 
of chromic acid to chromic oxide. The latter gradually takes on oxy- 
gon from the air during the long-continued heating of tlio open crucible, 
so that the green color gradually disappears. 

If a g of chromate were taken for analysis, and the barium chro- 
mate precipitate w'cighed p g, then the amount of chipmium present 
may be calculated as follows: 

lOOCr p 

X - TrTTpr*- ” per cent Cr 
BaCrOi a 

Colorimetric Determination of Chromium 

For determining extremely pm-xU qu.xntiticx of chromium, a colorimetric test like 
thxt mth lo-drogen iwroxule is extremely delicate but the reaction is so fcnsitive that 
it Is seldom u<e«l, and, l>c*ides, the jcilow color of chromate ions in slightly alkaline 
solution is sufficiently <Ipep to jK-nuit the determination of small quantities of chro- 
mium. In rock analysis, the aqueous extract obtained after fusion with sodium 


‘ Benncrr, Trjlbook o/ Ae^nying. 

* Aniold and Hardy, C/irm A'cirr, 67, 153 (I8SS); Joseph and Rae, J. CJitm Soc 

111, lOfi (1917). ’ 

• H the b.mum aertntesoUilion isaddnl too quickly some of it will be carried down 
ssilh the I^anum chrotn-xtc, so th.xt loo liigli results will lx: obtained. 
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carbonate and a little potassium nitrate is iisually employed and none of the common 
elements interfere. If considerable potassium nitrate is used and the fusion is 
made in a platinum crucible over the blast lamp or M6ker burner, a yellow color of 
the aqueous extract may be caused by dissolved platinum. Fusions in platmum 
crucibles should not be ma^de at such a Ugh temperature and the quantity of nitrate 
used should never be large enough to attack the crucible. If the fusion is made with 
sodium peroxide, a little iron soroetimea colors the filtrate but this can be avoided by 
digesting the melt with water on the steam bath for an hour or more before filtering. 
Sometimes a false color is obtained when sodium hydroxide solutions are filtered 
through paper, but this can be prevented by first washing the paper thoroughly with 
dilute sodium hydroxide or by filtering through an asbestos filter. 

Procedure. Prepare a standard solution by dissolving 0.2555 g of 
pure K 2 Cr 04 or 0.1935 g of pure K 2 Cri 07 in water and diluting to exactly 
1 liter in a volumetric flask. One milliliter of either solution equals 
0.1 mg CraOs or 0.0684 g Cr. The color comparison can be made very 
earily as follows: Concentrate the aqueous solution of the melt to 60 ml 
or dilute the solution to some multiple of this volume and, after mbdng, 
use a 50-ml aliquot part in a 50-ml Nessler tube. Into another amilar 
cylinder put nearly as much water and 1 g of sodium carbonate. Add 
dropwiso, with stirring, the standard solution of chromate until the two 
solutions show the same color when viewed from above against a white 
background. In making this test, the alkalinity of the standard and of 
the solution tested should be about the same. If uranium is present, 
the method fails because this element also gives a yellow-colored solution 
after fusion with an alkaline flux. 

Uranium, U. At Wt 238.07 
Forms: Uj08andU02 
Deteraunatioii as UaO% 

Uranium is usually precipitated by means of ammonia as ammomum 
uranate (I^H 4 ) 2 U 207 and changed to UaOj by gentle ignition in a plati- 
num crucible with free access of dr. The method is accurate if nothing 
else is present that will precipitate on neutralizing the solution and if 
care is taken to avoid the presence of CO 2 ; (NH 4 ) 2 U 207 dissolves in 
(NH 4 ) 2 C 03 , forming (NH 4 ) 4 [U 02 (C 03 ) 3 ]. The precipitation with am- 
monia should be carried out as described for aluminum, and the am- 
monium uranate precipitate should be washed with hot 2 per cent 
ammonium nitrate solution. 

According to the temperature of ignition, the UaOg appears dirty 
green or black, and is difficultly soluble in dilute hydrochloric or sulfuric 
acids; in nitric acid it dissolves gradually. By heating with dilute sul- 
furic acid (1 vol. cone. H 2 SO 4 + 6 vol. HqO) in a closed tube at 150*- 
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175® for a long time (W. F. Hillebrand)/ the UsOg is completely dis- 
solved with the formation of uranous and uranyl sulfates: 

UsOs -I- 4 H 2 SO 4 = 2U02(S04) -1- U(S04)2 + 4 H 2 O 

UjOs is also readily soluble in dilute sulfuric acid in the presence of 
potassium bichromate. These two last facts are taken advantage of 
in the volumetric determination of uranium (which see). 

If the ammonium uranate precipitate is heated over a Mdker burner, or blast 
lamp, in a stream of hydrogen, it is converted into UOj. This method also gives 
accurate results. 

Precipitation from a Solution Contaiiung Cupferron 

Cupferron, C«HsN*NO ONH<, which is the ammonium salt of phenylnitrosohy- 
droxylamine, is a valuable reagent because it precipitates iron, vanadium, zirconium, 
titanium, tin, columbiura, and tantalum m strongly acid solutions Uranium in 
uranyl salts, m which the valence of the uranium is 6, is not precipitated by cup- 
ferron so that a separation from ferric iron can be accomplished; but if, after the 
iron precipitate has been removed, the uranium is reduced to the quadrivalent state, 
all the uranium can be precipitated by means of cupferron, and the precipitate is 
converted into UjOj by strong ignition. 

Procedure. Evaporate the filtrate from the iron determination 
(cf. p. 155) to about 50 ml; add 20 ml of concentrated HNO3 and 10 ml 
of concentrated H2SO4 if not already present. Evaporate until fumes 
of sulfuric acid are evolved freely, cool, add 20 ml more of HNO3, and 
repeat the evaporation to fumes. Continue this treatment with nitric 
acid until all the organic matter present is oxidized os shown by no 
dark color appearing on evaporating. Then, to remove the last traces 
of nitric acid, allow the fuming solution to cool, wash down the sides 
of the beaker, and again evaporate to strong fumes. Cool, dilute to 
make the solution contain about 6 ml of concentrated sulfuric acid per 
100 ml, and pass through a Jones redactor (see Index). Rinse out the 
reductor with 8 per cent sulfuric acid. Cool the reduced solution to 
below 15®; add macerated filter paper (p. 151) and an excess of 6 per cent 
cupferron solution. Filter and wash with cold 4 per cent H2SO4 solution 
containing 1.5 g of cupferron per liter. Ignite and weigh as UsOs. 

SEPARATION OF IRON, ALUMINUM, CHROMIUM, TITANIUM, AND 
URANIUM, FROM CALCIUM, STRONTIUM, BARIUM, AND MAGNESIUM 

To the solution containing the above substances in the presence of 
considerable ammonium chloride in an Erlcnmeycr flask, add a slight 
excess of freshly prepared ammonium sulfide, free from sulfate and 


‘ Dull. U. S. Gcol. Sun'ey, 78, p. 00. 
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carbonate. After standing over night filter off the precipitate and wash 
it with water containing ammonium sulfide. It contains the iron and 
uranium as sulfides, the aluminum, chromium, and titanium as hydrox- 
ides. If large amounts of magnesium are present, some of it is almost 
always present in the precipitate, so that it is then necessary, after 
filtration, to dissolve the precipitate in hydrochloric acid and to repre- 
cipitate with ammonium sulfide. 

Listead of using ammonium sulfide, the separation can be accom- 
plished satisfactorily with ammonia; the iron must then be in the ferric 
condition. Carry out the treatment as described for the precipitation 
of aluminum with ammonium hydroxide using methyl red as indicator. 

Separation of Iron from Aluminum 

1. To a boiling solution of half-normal sodium hydroxide in a porce- 
lain dish, add the dilute acid solution of ferric and aluminum chlorides. 
After the solutions arc all mixed make sure that an excess of alkali 
hydroxide is present so that all the iron is precipitated as Fe(OH)a^ 
and all the aluminum dissolved as NaAlO:. Dilute with hot water 
and filter. For the iron determination, dissolve the precipitate in 
hydrochloric acid, reprecipitate with ammonia,- dry and weigh as FejOs 
(seep. 163). Precipitate the aluminum as hydroxide in the filtrate 
by acidifying with nitric acid and then adding ammonia. Filter, wash 
with 2 per cent ammonium nitrate solution, and weigh as AUOs. 

2. Add three times as much tartaric acid as corresponds to the 
weight of dissolved FejOs and AljOj and pass hydrogen sulfide into the 
solution until it is saturated. Add a very slight excess of ammonia, 
and allow the sulfide of iron to settle in a closed Erlenmeyer flask. 
Filter, wash with water containing ammonium sulfide, dissolve in hydro- 
chloric acid, oxidize with a little potassium chlorate or nitric acid, and 
precipitate as ferric hydroxide by the addition of ammonia. Deter- 
mine the aluminum in the filtrate by evaporating to dryness with the 
addition of a little sodium carbonate and potassium nitrate.^ Gently 
ignite the residue in a platinum dish to destroy the tartaric acid, dissolve 
the residue in dilate nitric acid, filter off the carbon, and precipitate the 
aluminum from the solution by the addition of ammonia. 

' If the precipitate U large, it should be dissolved in hydrochloric acid and again 
precipitated with NaOH. 

* It is very hard to wash the NaOH precipitate free from alkali so that the first 
precipitate should not be weighed. 

* For the direct determination of aluminum by precipitation with tannin and 
without destroying tartaric acid, see p. 222. 
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3. Add sodium carbonate solution to the neutral solution of the 
chlorides or sulfates (not the nitrates) until a slight permanent precipi- 
tate is formed; dissolve this by the addition of a few drops of hydro- 
chloric acid. Dilute the solution to about 250 ml for each 0.1 or 0.2 g 
of the metals present, add an excess of sodium thiosulfate solution, 
and boil the solution until every trace of SO 2 has disappeared. By 
this operation the ferric salt is reduced to ferrous salt: 

2 Na"S 203 + 2FeCl3 = 2NaCl -}■ NajSiOs -f- 2FeCl2 
and the aluminum is precipitated as the hydroxide: 

2AICI3 + 3 H 2 O + SNaiSaOa = CNaCI + SSOa T + 3S + 2A1(0H)3 

Filter off the precipitate of aluminum hydroxide and sulfur, wash with 
hot water, dry, transfer as completely as possible to a porcelain crucible, 
bum the filter in a platinum spiral and add the ash to the crucible. 
Ignite gently until all the sulfur has been expelled and then more strongly 
over the blast or M6ker burner until the weight is constant. Cf. p. 149. 

To determine the iron, make the filtrate acid >vith hydrochloric acid, 
boil off the SO 2 , filter off the sulfur, oxidize the solution with nitric 
acid, and precipitate the iron as ferric hydroade as described on p. 153. 

Or add ammonia and ammonium sulfide to the filtrate from the 
A 1 ( 0 H )3 precipitate, filter, and wash with hot water. Dissolve the 
iron sulfide in hot 2 N hydrochloric acid, oxidize to the ferric condition 
with concentrated nitric acid, dilute, and precipitate with ammonia 
according to p. 153. 

4. Precipitate both iron and aluminum with ammonia, filter, wash, 
dry, ignite in a porcelain or platinum crucible, and determine the weight 
of the combined oxides. After a constant weight is obtained, digest 
the mixed oxides ^ith concentrated hydrocbloric acid to which a little 
water has been added (lOHCl : IH 2 O) in a covered crucible until the 
iron is completely dissolved. If ferric oxide predominates, as it fre- 
quently docs, the solution is effected in 1 or 2 hours. If, on the other 
hand, a relatively large amount of alumina is present, as is usual with 
silicates, a condition which can be predicted by the color of the precipi- 
tate produced by ammonia, the precipitate dissolves veiy slowly and 
many times only incompletely. 

In the latter case instead of treating with hydrochloric acid, fuse 
the ignited oxides with 12-15 times as much potassium pyrosulfatc 
K 2 S 267 (cf. Vol. I).* The conversion of the oxides into sulfates is 

' E. Deussen finds that fusion with KF-HF works better. The platinum is not 
attacked and the solution is effected more readJy. Z. angew. Chem. 1905 SIS 
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usually complete in 2-4 hours.* Place the crucible together with its 
cover in a beaker, add water and a little sulfuric acid, and dissolve the 
melt by wanning gently and passing a current of air through the solu- 
tion in order to keep the liquid in motion. A small amount of platinum 
is always dissolved by this treatment.* After removing the crucible 
and its cover, heat the solution to boiling and reduce with hydrogen 
sulfide as described in Chapter XV. After the iron is reduced, filter off 
the platinum sulfide, again introduce hydrogen sulfide, and continue as 
described in Chapter XV, finally titrating the reduced iron with standard 
potassium permanganate in 250 ml of cold acid solution. The alumi- 
num is determined from the weight of the combined oxides after deductr 
ing the weight of FejOs corresponding to the volume of permanganate 
used in the titration. 

For the determination of iron in rilicates the above process is most 
suitable (Hillebrand). The reduction of the ferric salt to ferrous salt 
by means of hydrogen sulfide possesses advantages over the reduction 
by means of zinc, for in the former case no foreign element is introduced, 
and furthermore zinc serves to reduce the titanium that is almost 
always present in rocks, and this will be again oxidized by the per-, 
manganate, so that too high an iron value will bo obtained. When 
titanium is present, it is better to reduce with sulfurous acid as described 
in Chapter XV of this book. 

If all the iron is dissolved by treating the oxides with hydrochloric 
acid, evaporate the solution to dryness and treat the residue with a few 
milliliters of dilute sulfuric acid, evaporate on the water bath as far as 
po^ible, and then heat over the free flame until fumes of sulfuric acid 
are evolved. After cooling, dissolve the sulfates in water and reduce 
the ferric sulfate to ferrous sulfate by introducing a piece of zinc, free 
from iron, into the crucible and covering with a watch glass. The 
reduction is complete in 20-30 minutes. Filter off the slight residue of 
platinum^ with the excess of zinc, catching the filtrate in a flask already 
filled with carbon dioxide. Wash the residue with water that has been 
boiled, and titrate the solution with potassium permanganate solution. 

This method is to be recommended for the determination of small 


^ If the precipitate produced by ammonia is well mixed with filter-paper pulp 
(cf. p. 151) the ignited oxides will be obtained in a condition such that the fusion with 
potassium pyrosulfate can be made within 10 minutes. 

* If the fusion is made in a silica crucible, there will be no platinum to remove. 

* Platinum is perceptibly attacked by long digestion with ferric chloride solution: 

4FeCl, + Pt + 2Ha « HiPtCl# + 4FeCl* 

The chloroplatinic acid is reduced to platinum by the action of zinc. 
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amounts of iron in the presence of still less aluminum, as in the analysis 
of mineral waters. 

The followng procedure leads to the same end, but the results are 
not quite so reliable : 

Dilute the solution in which the iron and aluminum are to be deter- 
mined to a definite volume (e.g., 250 ml) and take two aliquot portions 
by means of a pipet (usually 100 ml). 

In one portion determine the nreight of the combined oxides of iron 
and aluminum by precipitation with ammonia and ignition of the pre- 
cipitate as described on p. 148; in the other aliquot determine the iron 
by titration. If the solution contains hydrochloric acid, as is usual, 
it is best first to precipitate the iron with ammonia, filter, wash, and 
dissolve in dilute sulfuric acid. Reduce this solution and titrate as 
described abovc.^ 

Separation of Iron, Aluminum, and Phosphoric Acid 

Although the determination of phosphoric acid has not yet been 
described, its determination in the presence of iron and aluminum 
’ will now be discussed because this highly important separation is neces- 
parj' in the analysis of almost all minerals containing iron and aluminum 
as well as in the analysis of many mineral waters. Two cases arc to bo 
distinguished: 

1. The solution contains only a small amount (a few centigrams or 
less) of iron, aluminum, and phosphoric acid. 

2. The solution contains large amounts of these substances. 

1. In the first case the determination of all three constituents must 
be undertaken in tlic same portion, as othcrunsc errors would be intro- 
duced on account of the small quantities to be determined. First treat 
with ammonia as described on p. 148 whereby the iron, aluminum, 
and phosphoric acid arc precipitated.* 

Ignite the precipitate in a platinum crucible and weigh: 

FoiOi + AljOj + FiOi = A 

Fuse the oxides vith 0 times their weight of a mixture consisting of 
4 part.s anhydrous sodium carbonate and 1 part pure silica. Heat 

* It w dcslmble to rcI rid of the hydrochloric acid on account of its action upon 

penn-mnnMo (cf. Chapter XV). In the presence of hydrochloric acid, 
the Zimmcrmann-llcmhanlt mrthrul ofmlucinRWith stannous chloride and titrating 
«ifh prrrmngan.'tte i^capilflc of saving good rp«ul(s. Sec Chapter XV. 

* n.e phosphoric acid is ujoially present in such small amounts that the iron and 

aluminum arr more th.on sumcient (o effect the precipitation of all the phon)horic 
acid, nn the addition of ammonb, M phosphates of these metals. * 
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usually complete in 2-4 hours.' Place the crucible together with its 
cover in a beaker, add water and a little sulfuric acid, and dissolve the 
melt by wamung gently and passing a current of air through the solu- 
tion in order to keep the liquid in motion. A small amount of platinum 
is always dissolved by this treatment.* After removing the crucible 
and its cover, heat the solution to boiling and reduce with hydrogen 
sulfide as described in Chapter XV. After the iron is reduced, filter off 
the platinum sulfide, again introduce hydrogen sulfide, and continue as 
described in Chapter XV, finally titrating the reduced iron with standard 
potassium permanganate in 250 ml of cold acid solution. The alumi- 
num is determined from the wdght of the combined oxides after deduct- 
ing the weight of Fe 203 corresponding to the volume of permanganate 
used in the titration. 

For the determination of iron in silicates the above process is most 
siutable (Ifillebrand). The reduction of the ferric salt to ferrous salt 
by means of hydrogen sulfide possesses advantages over the reduction 
by means of zinc, for in the former case no foreign element is introduced, 
and furthermore zinc serves to reduce the titanium that is almost 
always present in rocks, and this will be again oxidized by the per-, 
manganatc, so that too high an iron value will be obtained. T^en 
titanium is present, it is better to reduce with sulfurous acid as described 
in Chapter XV of this book. 

If all the iron is dissolved by treating the oxides with hydrochloric 
acid, evaporate the solution to dryness and treat the residue with a few 
milliliters of dilute sulfuric acid, evaporate on the water bath as far as 
posable, and then heat over the free flame until fumes of sulfuric acid 
arc evolved. After cooling, dissolve the sulfates in water and reduce 
the ferric sulfate to ferrous sulfate by introducing a piece of zinc, free 
from iron, into the crucible and covering with a watch glass. The 
reduction is complete in 20-30 minutes. Filter off the slight residue of 
platinum’ with the excess of zinc, catching the filtrate in a flask already 
filled with carbon dioxide. Wash the i^idue with water that has been 
boiled, and titrate the solution with potassium permanganate solution. 

This method is to be recommended for the determination of small 


the precipitate produced by ammonia is well mixed with filter-paper pulp 
(cf. p. 151) the ignited oxides will be obtained in a condition such that the fusion with 
potassium pyrosulfate can be made within 10 minutes 

* If the fusion is made in a silica cnidble, there will be no platinum to remove. 

* Platinum is perceptibly attacked by long digestion with ferric chloride solution: 

4FeCl, -h Pt -b 2HQ « H,PtCU + 4FeCI, 

The chloroplatinic acid is reduced to platinum by the action of zinc. 
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amounts of iron in the presence of still less aluminum, as in the analysis 
of mineral waters. 

The following procedure leads to the same end, but the results are 
not quite so reliable: 

Dilute the solution in which the iron and aluminum are to be deter- 
mined to a definite volume (e.g., 250 ml) and take two aliquot portions 
by means of a pipot (usually 100 ml). 

In one portion determine the weight of the combined oxides of iron 
and aluminum by precipitation with ammonia and ignition of the pre- 
cipitate as described on p. 148; in the other aliquot determine the iron 
by titration. If the solution contains hydrochloric acid, as is usual, 
it is best first to precipitate the iron with ammonia, filter, wash, and 
dissolve in dilute sulfuric acid. Reduce this solution and titrate as 
described abovc.^ 

Separation of Iron, Aluminum, and Phosphoric Acid 

Although the determination of phosphoric acid has not yet been 
described, its determination in the presence of iron and aluminum 
‘ will now bo discussed because this highly important separation is neces- 
sary in the analysis of almost all minerals containing iron and aluminum 
as well as in the analysis of many mineral waters. Two cases are to be 
distinguished: 

1. The solution contains only a small amount (a few centigrams or 
less) of iron, aluminum, and phosphoric acid. 

2. Tlic solution contains large amounts of these substances. 

1. In the first case the determination of all three constituents must 
be undertaken in the same portion, as otherwise errors would be intro- 
duced on account of the small quantities to be determined. First treat 
with ammonia as described on p. 148 whereby the iron, aluminum, 
and phosphoric acid are precipitated.* 

Ignite the precipitate in a platinum crucible and weigh: 

FcjOs 4* AljOj -|- PaOs = A 

Fuse the oxides nith C times their weight of a mixture consisting of 
4 parts anhydrous sodium carbonate and 1 part pure silica. Heat 

‘ It is desirable to get rid of the hydrochloric acid on account of its action upon 
poUwsium pennangan.atc (cf. Chanter X\'l In ♦».«. • . 

tlie Zimmcrmann* ■ • " 

with permanganat 

* The phoT)horic acid is usually present in such small amounts th.at the iron and 
aluminum ore more than sufTicicnt to effect the precipitation of all the phosphoric 
acid, on the addition of ammonia, ns phosphates of these metals. 
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the mixture over the blast lamp or Meker burner. Cool, extract the 
melt with water to which a little ammonium carbonate has been added, 
and filter. The filtrate contains all the phosphoric acid and a very 
little silicic acid; the residue contains all the iron and aluminum and 
conaderable silica. 

For the determination of the phosphoric acid, evaporate the filtrate 
to dryness with hydrochloric acid on the water bath in order to remove 
the silica, moisten the residue with 6 N hydrochloric acid, take up in 
a little water, filter, and predpitate the phosphoric acid in the filtrate 
by the addition of ammonia and “ magnesia mixture,” as described under 
“ Phosphoric Acid.” By igniting in a porcelain crucible change the pre- 
cipitate of magnesium ammonium phosphate to magnesium pyro- 
phosphate, and from its weight p calculate the amount of phosphoric 
anhydride, P2O5 (= B): 


B = 


P2OS 

Mg2P207 ^ 


Subtract B and A to get the combined weight of the iron and alumi- 
num oxides and then after determining the iron by titration the alumi- 
num can be estimated “ by difference.” For the determination of the 
iron, take the insoluble residue obtained after treating the product 
of the fusion with water and ammonium carbonate and digest it with 
hydrochloric acid in a small porcelain crucible until the iron oxide is 
completely dissolved. Add a little 18 JV sulfuric acid, and evaporate 
first on the water bath and then over a free flame until fumes of sul- 
furic anhydride are evolved. After cooling, add water and digest on 
the water bath for some time. Filter off the silica, reduce the solution 
by means of hydrogen sulfide (cf. p. 1C9, sub. 4), and, after removing 
the excess of hydrogen sulfide, titrate the iron with permanganate solu- 
tion.^ From the amount of permanganate used, the quantity of ferric 
oxide (C) can be calculated, and by deducting this from the weight of 
the combined oxides the weight of the AI 2 O 3 is ascertained: 

A - (B + O = AbOs 

2. If the solution contains large amounts of iron, aluminum, and 
phosphoric acid, divide it into three aliquot portions and in one deter- 
mine the value of A by precipitation with ammonia; in the second 
determine the phosphoric acid by the molybdate method as described 
under “Phosphoric Acid”; and in the third determine the iron by 
titration. 


* Instead of reducing the iron, the ferric salt may be titrated directly with titanous 
chloride or iodimetrically (see Chapter XV). 
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Separation of Iron from Chromium 

1. The chromium is oxidized in alkaline solution by means of chlorine, bromine, or 
sodium peroNide to a soluble chromate, and the insoluble ferric hydroxide is filtered 
off. If the chromium alone is desired, it is often better to fuse with sodium carbonate 
and peroxide as described for the analysis of chromite. 

Procedure. Pour the solution of the chlorides into an Erlenmeyer 
flask of Jena glass, provided with a ground-glass stopper and tubes by 
which gas may enter and leave the flask, and add sodium hydroxide 
solution until strongly alkaline. Heat on the water bath and con- 
duct chlorine gas through the liquid, or add bromine water, until it 
becomes distinctly yellow and the ferric hydroxide has assumed its 
characteristic reddish broum color. When the oxidation is accom- 
plished by chlorine gas, the equivalent of 0.5 g of the mixed oxides xvill 
bo completely oxidized in 15 to 20 minutes. Instead of chlorine or 
bromine, sodium peroxide is often more convenient for converting 
into CrOr". In tliis case, add the peroMde in small portions to the cold 
solution. After the oxidation is complete heat the solution until the 
excess peroxide is decomposed into NaOH and Oj. 

Carefully make the filtrate acid with acetic acid, precipitate the chro- 
mium by the addition of barium acetate, and treat the precipitate of 
barium chromate as described on p. 165. Dissolve the ferric hydroxide 
in hydrochloric acid, rcprccipitatc with ammonia as described on 
p. 153, and weigh as ferric oxide. 

Remark. If the chromate is to be determined as barium chromate, the solution 
must contain no sulfuric acid. If sulfuric acid is present, reduce the chromate by 
evaporating mth hydrochloric acid and alcohol. In the solution of chromic chloride 
thus obtained determine the chromium as chromic oxide after precipitation with 
ammonia as described on p. IGIV. 

In the ca.«e of a precipitate containing iron and chromic oxides, fuse with sodium 
carbonate and a little potassium chlorate. Extract the melt unth water, and deter- 
mine the chromium in the aqueous solution by precipitating with barium acetate 
as described on p IG5. Dissolve the residue from the aqueous extraction of the 
fusion in hydrochloric acid, precipitate xviU, ammonia, and determine the iron as 


iiiinuc, extract me melt nitn natcr, ncutralirc the solution \xilh nitric'acid, and 
prcc>pitate ith mercurous nitrate solution, as described on p 16-1. 

2. It has been proposed that the mixture of ferric and chromic oxides 
1)0 analyzed by slrongly igniting in a stream of hydrogen so that tlie 
feme oxide is reduced to metallic iron wliilc the chromic oxide is 
unchanged. Tlic iron could then be determined by the loss of weight, 
h.'xiwrimcnts sliow, however, that the ferric oxide i.s often so enveloped 
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in chromic oxide that it is not even approximately reduced even when 
heated over the blast lamp. 

3. Iron may be separated from chromium by precipitating the iron 
with ammonium sulfide from a solution containing sufficient ammonium 
tartrate to prevent the precipitation of the chromiiun. The separation 
is the same as was described under “ Aluminum,” p. 168, sub. 2. 

Separation of Aluminum from Chromium 
If the chromium is present as chromic salt, oxidize it to chromate by 
means of chlorine, bromine, or sodium peroxide as described on p. 173. 
Make acid with nitric acid, and determine the aluminum as oxide after 
precipitating with ammonia as described on p. 148. In the absence of 
sulfuric acid the chrormum can be determined in the filtrate as barium 
chromate (cf. p. 165). If sulfuric acid is present, reduce the chromate to 
chromic salt by the action of concentrated hydrochloric acid and alcohol, 
precipitate with ammonia, and weigh as the oxide (see p. 163). 

If, however, the chromium is already present as chromate, at once 
predpitate the aluminum, with ammonia as hydroxide, as described 
on p. 148. 

Separation of Iron from Titanium / 

It is frequently necessary to determine both iron and titanium in 
a precipitate produced by ammonia consisting of a mixture of these 
two oxides alone, but it is more often necessary to determine titanium 
in the presence of iron, aluminum, and phosphoric acid, all of which 
are precipitated by ammonia in the analysis of rocks. 

For the separation of titanium from iron in the absence of alumina, 
the following methods are suitable: 

1. Ignite the precipitate produced by ammonia and weigh the mix- 
ture of oxides. Fuse it in a silica crucible with 15-20 times as much 
potassium pyrosulfate. Before starting the fusion, heat the pyro- 
sulfate, or fused potassium acid sulfate, in a silica crucible until it 
bepns to evolve fumes of sulfuric anhydride. Fuse the oxides with this 
dehydrated pyrosulfate until they are converted to sulfates. Use a 
small flame and heat so that only a slight fuming is noticed when the 
crucible cover is raised. As the fuaon progresses the color of the melt 
darkens, and the melting point of the mass rises as the sulfuric anhydride 
escapes. When the fusion is finished, there should be no unattacked 
oxide visible in the melt. If the temperature is raised too quickly, sul- 
furic acid escapes without reacting with the oxide, and if all the pyro- 
sulfatc is converted to sulfate, the mass expands on cooling and may 
crack the crucible. It is a good plan to add a little pyrosulfate at the 
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last to prevent this or to add a little concentrated sulfuric acid to the 
solidiSed melt and then heat again. If the pyrosulfate is not anhydrous, 
the escaping steam 'will carry up some of the oxides to the top of the 
crucible and spatter them on the cover, and these particles are likely 
to escape the action of the pyrosulfate. 

When the fusion is finished, make a spiral at the end of a 4-inch piece 
of platinum wire and insert this spiral in the melt. Let the contents 
of the crucible solidify and become cold. Then remove the melt by 
heating the sides of the crucible and pulling on the wire while holding 
the crucible with tonga. Suspend the melt from a stirring rod which 
rests on the top of a beaker containing cold 0.5 N sulfuric acid. Stir 
mechanically to hasten the dissolving. If necessary, filter off any 
undecomposed oxide. Treat this with sulfuric and hydrofluoric acids 
to make sure that no silica is present and again, fuse with pyrosulfate. 
Dissolve any residue in the crucible with dilute sulfuric acid. 

For the iron determination, it is best to reduce it to the ferrous 
state and titrate with permanganate. If hydrogen sulfide is used as 
the reducing agent (p. 542) the titanium is unaffected but if a Jones 
reductor is used (pp. 643-4), which is somewhat more convenient, the 
quadrivalent titanium is reduced to the trivalent state. If the air in 
the reductor flask is replaced by COj, both iron and titanium can bo 
oxidized by permanganate. If, however, air is bubbled through the 
solution at room temperature until the purple color of dis- 

appears and for 5 minutes longer, all the Ti+++ is oxidized by the 
air and only an inappreciable quantity of Fo++, so that now the iron 
can bo titrated alone. Three procedures arc to be recommended: 

(a) Reduce the solution with a Jones reductor, aerate to oxidize the 
titanium and titrate '\rith permanganate. Then, if the titanium con- 
tent is small, determine the titanium colorimctrically (p. 159) in an 
aliquot part of the solution. 

(b) Make up the solution to a definite volume, mix and use an aliquot 
part for the iron determination as in (a) and in another aliquot deter- 
mine both iron and titanium by permanganate titration under an at- 
mosphere of COi. 

(c) Determine the iron as in (a) and in another aliquot determine 
the titanium gravimctrically as TiO,. Neutralize the solution with 
sodium carbonate until a ver>’ slight permanent turbidity is produced 
in the wcH-stirrod solution. Add an excess of sodium tliiosulfatc and 
continue as described on page 109. 
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Separatioti of Aluimnxim from Titanium 

One of the best methods of separation is that of Gooch it consists 
in boiling a solution of the two elements containing considerable free 
acetic acid and alkali acetate; by Ibis means all the titanium and little, 
if any, of the aluminum is precipitated. If, however, the amount of 
aluminum present is large (as is usual in rock analysis), the separation 
must be repeated. There is never any danger of the precipitation of 
the titanium being incomplete. 

In practice it is almost always necessary to separate the titanium 
not from aluminum alone, but from iron and aluminum, so that the 
method of Gooch mil be described for this more general case. 

Treat the solution obtained by dissolving the pyrosulfate melt in 
cold dilute acid* with three times as much tartaric acid as the weight of 
the oxides, saturate with hydrogen sulfide gas, and make slightly ammo- 
niacal. By this means all the iron is precipitated as ferric sulfide, 
while the aluminum and titanium remain in solution. Filter off the 
iron sulfide, acidify the filtrate with sulfuric acid, heat to boiling, and 
filter off the precipitate of sulfur and platinum sulfide (the latter from 
the platinum crucible in which the fusion with pyrosulfate was made). 
Boil the filtrate to expel the last traces of hydrogen sulfide, and destroy 
the tartaric acid by adding 2^ times as much potasaum permanganate 
as there is tartaric acid present. Add sulfurous acid until the precipi- 
tated manganese dioxide is rcdissolved, after which add a slight excess 
of ammonia and 7-10 ml of glacial acetic acid for each 100 ml of solution. 
Boil the solution for 1 minute, allow the precipitate to settle, and decant 
the filtrate through a filter.* Hnally transfer the precipitate to the 
filter, and wash with 7 per cent acetic acid and finally with a little 
hot water. Ignite the precipitate and weigh as TiOj. 

The precipitate contains manganese and aluminum; it must bo 
purified. Fuse it with throe times as much sodium carbonate. 
Leach the melt (colored green by the manganese) with cold water, 
leaving sodium metatitanate* and some alumina undissolved. Filter 
off the precipitate by means of a small filter, ignite this residue in a 
platinum crucible, and fuse again with alkali pyrosulfate. After cooling, 
dissolve the contents of the crucible in 200 ml of 0.1 N sulfuric acid. 
Add 5 g of sodium acetate and 20 ml of glacial acetic acid. After boiling 

* Chan. News, 62, 55 and 68. 

*Seep. 175. 

* Schleicher & SchQU’s filter-paper No 539 is satisfactory for this purpose. 

* Tho sodium metatitanate underRocs hydrolysis and forms a precipitate con- 
taining a much higher percentage of HO*. 
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1 minute and allowing to stand until settled, filter the precipitate, wash 
with 7 per cent acetic acid, then with water, dry, ignite, and weigh. This 
precipitate sometimes contains aluminum. Fuse it again with sodium 
carbonate and treat the melt with sulfuric acid, etc., exactly as described 
above. This time the precipitate is usually free from aluminum, but 
the process should be repeated until a constant w'eight is obtained. 

This analysis does not require much time if the quantity of titanium 
present is so small that the precipitates filter and wash quickly. 

For the determination of very small amounts of titanium, it is advis- 
able to use the colorimetric method proposed by Weller (cf. p. 159). 

The above method of Gooch is tedious and fails to take into con- 
sideration the fact that zirconium, if present, precipitates with titanium. 
Phosphoric and vanadic acids arc also likely to precipitate with titanium 
and zirconium, but these were removed by the fusion with sodium 
carbonate which forms water-soluble sodium vanadate and phosphate. 
The titanium precipitate is also likely to contain some adsorbed alkali 
ions, but this error is slight in rock analysis. Thorium and cerium are 
also precipitated to some extent, but usually these elements are present 
to such a slight extent that they may be neglected. For the separation 
of titanium from aluminum, zirconium, and thorium by means of 
tannin, see p. 223, To obviate the necessity of destroying the tartaric 
acid in the method of Gooch, W. F. Hillebrand^ recommends the follow- 
ing procedure: 

Cupferron Method of Precipitating Titanium and Zirconium® 

To the filtrate from the iron sulfide precipitate, which was formed in 
an amrooniaeal ammonium tartrate solution to prevent the precipitation 
of aluminum, titanium, and zirconium by ammonia (cf. p. 170), add 40 
ml of 18 sulfuric acid and boil to expel the excess of hydrogen sulfide. 
Cool to 15®, or below, dilute to 400 ml, and add a cold 0 per cent solu- 
tion of cupferron, with constant stirring (cf. p. 155). Allow the precipi- 
tate to settle and test the supernatant solution to sec if the precipitation 
is complete; if so, a white turbidity forms instead of a yellow precipi- 
tate. Filter and wasii 20 times with cold 1.2 A^ hydrochloric acid, 
place the precipitate and filter in a crucible and dr>' at 1 1O--120*. Then 
ignite verj’ cautiously with a small flame placed at the base of the 

‘ Afuj/i/n* < 1 / Silicate and Carbonate Ifocls, p. ICO, 1019. 

MV M. Thornton, Am. J Sci |1), S7, 407 (1014); Chem. Ncirs, 110, 5 {19J4)* 
Z.onorg CAcm , 87, 375 (1914); Schrocdcr.Z tmorg CA<wi., 72, 95 (1911); Thornton 
and Hayden, 4m. J. Sn. (1), 38, 137 (1914); Chem. Nan, 130, 153 (1914)’ Z. 
anorg Chem, 89, 377 (1014); Lunticll and Knowles, J. Am. Chem. Soc., 41, IsOl 
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inclined, partly covered crucible. There is likely to be a sudden gush 
of smoke when the oxidation of the organic matter starts. Gradually 
raise the temperature until all the organic material is destroyed. Fuse 
the residue with sodium carbonate, extract the melt with water, filter, 
and wash with dilute sodium carbonate solution. Dissolve the residue 
in dilute sulfuric acid and repeat the precipitation with cupferron. 
Ignite and weigh as TiOa and ZrOa. The separation of titanium and 
zirconium will be discussed on p. 181. 

The Determination of Titanium in Titanium-Iron Ore 
Method of Barneby and Isham' 

The method of Barneby and laham is based on the volatilization of the silica by 
hydrofluoric acid in the presence of sulfuric acid, evaporation to dryness, and fusion 
with sodium carbonate and a little potassium nitrate (which converts the iron and 
titanium to insoluble ferric oxide and sodium titanate), extraction with hot water 
to remove the soluble phosphates, sulfates, and aluminates, solution of the fer- 
ric oxide and sodium titanate in hydrochloric acid, extraction of ferric chloride 
with ether, reduction of slight traces of iron with aulfurous acid, precipitation of the 
titamo acid by boding In acetic acid solution, filtration, and ignition to titanium 
oxide (or the titanium may be determined colorimetrically). The method is accurate 
except that it fails to take into consideration the probable presence of zirconium and 
other rare earths which will precipitate with the titanium more or less completely. 

Procedure. Weigh out about 0.5 g of ore into a platinum crucible, 
moisten with a little water, and add 5 to 10 drops of concentrated sul- 
furic acid and about 2 ml of hydrofluoric acid. Heat the mixture carefully 
until finally no more sulfuric acid fumes are evolved. Add 5-10 g of 
sodium carbonate and a Utile potassium nitrate,* and fuse the mixture at 
least 30 nunutes. Cool, place the crucible and cover in a beaker, add 
about 25 ml of hot water, and heat until the melt is disintegrated. 
Ferric oxide and sodium titanate are left insoluble in hot water. Remove 
the crucible, and dissolve any adhering particles of ferric oxide and 
hydrolyzed sodium titanate in hot 6 N hydrochloric acid ; save this solu- 
tion. Filter off the residue in the beaker and wash with hot water.® 
Perforate the filter and carefully wash the residue into a clean beaker 
with 6 N hydrochloric acid. (No water is to be added from this stage 

Am. Chem. Soe, 32, 957 (1910). 

* The potassium nitrate is added to make sure that the crucible is not injiaed by 
any sulfldc or reducible metal which may be present. Too much nitrate should not 
be added; it will injure the crucible and also cause the melt to effervesce badly. 

* The residue should not be washed with too much hot water; the hydrolysis of 
the sodium titanate may go so far that the residue will not dissolve in hydrochloric 
acid. 
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of the analysis until after the subsequent treatment with ether.) Trans- 
fer the hydrochloric acid washings from the platinum crucible to the 
beaker and then heat on the hot plate until complete solution has been 
effected and the total volume has been reduced to 15 or 20 ml. Cool, 
add 2 ml of 12 N hydrochloric add, and transfer the solution to a separa- 
tory funnel, rinsing the beaker with 6 N hydrochloric acid, d 1.10. Add 
an equal volume of ether, which has been saturated with concentrated 
hydrochloric acid solution, to the solution in the funnel, insert a rubber 
stopper in the top, invert the funnel, open the stopcock, and shake 
thoroughly. Close the stopcock, place the separatory funnel in an up- 
right position, and allow to stand 10 minutes. Then 
drain off the aqueous layer into a second separatory 
funnel. Rinse the ether layer twice by shaking well 
with 5- to 10-ml portions of 6 JV hydrochloric acid, and 
add the washings to the aqueous solution. Repeat the 
treatment with ether two or three times until the last 
portion of ether fails to show any greenish tinge due to 
the presence of dissolved ferric chloride. 

Rothe,^ who first made use in quantitative analysis 
of the fact that ferric chloride dissolved in hydrochloric 
acid, d 1.1, can be removed by shaking with ether, 
recommended the double separatory funnel shown in 
Fig. 38, but an ordinary 125-ml ringle separatory funnel 
can be used satisfactorily. 

Carefully heat the aqueous solution containing all 
the titanium in the presence of little, if any, iron and 
aluminum, on a water bath contiuning warm water to 
expel the dissolved other, add 20 ml of 18 N sulfuric 
acid, and evaporate the solution until fumes of sulfuric 
anhydride are evolved. Dilute the cooled solution to 
about 100 ml and nearly neutralize with ammonia. Add 1-2 g of 
ammonium bisulfite and heat the solution on the hot plate for half an 
hour. Now add 10-15 g of ammonium acetate, with 5-10 ml of glacial 
acetic acid, and boil the solution for 15 minutes. Filter, wash with 
7 per cent acetic acid, ignite, and weigh as TiOj. 



Determination of Ti tanium in SteeU 

Treat 2 to 5 g of sample uith 100 ml of 6 W HCl and heat until action 
ceases. D ilute to 300 ml, add NH*OH to a basic reaction, then neutral- 


* Z. anal Chan., 1901, 809 

* Method of the U. S Steel Corporation. 
Chanical Analysis of Iron and Sled. 


Cf. Lundell, Hoffman, and Bright, 
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ize witli 6 N HCl and add 6 ml in excess. Add 10 ml of 60 per cent 
Na2S203*5H20 solution and boil 10 numites. 

If the steel contains tungsten, or a conaderable residue remains after the treatment 
with HCl, add 100 ml of 3 per cent NaClOj solution and boil until any tungsten pres- 
ent is converted into yellow tungstic acid. Filter through ashless paper, and wash 
the residue with N HCl; reserve the filtrate. Rinse the residue on the ashless filter 
paper back into the original beaker, but save the filter. Digest this residue with 

5 ml of 15 N NHiOH to dissolve any WOa, filter through the original filter, wash with 
N NH4OH, and discard this filtrate. Ignite the precipitate and filter in a porcelain 
crucible, and add the ash to the ori^nal solution in HCl. Dilute to 300 ml, add 
NH4OH until the solution is slightly ammoniacal, neutralize with 6 N HCl, and add 

6 ml in excess. Add 50 ml of SO per cent NaiSiOj-SHiO solution and boil 10 minutes. 
This serves to precipitate most of the titanium and reduces the iron to the ferrous 
state so that it does not, for the most part, precipitate. 

After the treatment with sodium thiosulfate, add 3 ml of phenylhydra- 
zine, C6H5NH‘NH2, and boil 5 minutes. Phenylhydrazine is an oily 
liquid and is added to make the precipitation of the titanium complete. 
Under these conditions, it causes complete precipitation of Al, Ti, Zr, 
Th, and Cr together with P and V as phosphate and vanadate, if any 
considerable quantity of these other five elements is present. Small 
quantities of Be, Ce, Cd, Fe, Hg, Ni, and Zn may be present in the 
precipitate, ' 

Stir into the liquid a little paper pulp made by shaking small pieces 
of ashless filter paper with water in a stoppered flask; filter-paper tab- 
lets can be purchased for this purpose. Boil the mixture for 5 minutes, 
filter, and wash the precipitate with six IS-ml portions of hot water. 
Ignite carefully in a pladnum crucible. Fuse the ash with a mixture of 
3 g Na2C03 and a little NaNOs (not KNO3). When the melt is clear, 
cool, take up in 50 ml of hot water, and heat imtil the disintegration of 
the melt is complete. Filter, wash the residue containing the titanium 
with hot water, and discard the filtrate. 

Digest the residue with hot 6 N HCl, filter, and wash with hot water. 
Reserve both filter and solution. 

To the solution add ammonia until slightly basic and then HCl until 
slightly acid. Stir into the solution 1 g of Na^S203‘5H20. Heat until 
the solution gives no test for Fe+++ when a drop is removed and tested 
with KCNS solution. Add 5 ml of concentrated ammonia solution in 
which 1 g of KCN has been dissolved, boil for 1 minute, add the reserved 
filter, macerate it thoroughly, and filter. Wash with hot water to which 
a few drops of ammonia have been added. Ignite the precipitate and 
filter in a crucible, and weigh. The precipitate contains Ti02 and 
possibly some Zr02, Ta206, and SiOs. If Zr and Ta are known to bo 
absent a correction for SiO? can be made in the usual way by heating in a 
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platinum crucible with HF and a little H2SO4. Othermse, fuse the 
residue with K2S2O7 and determine the titanium colorimetrically (cf. 
p. 159). The Zr can be determined after the colorimetric determination 
by adding to the solution 0.5 g of (NH 4 ) 2 HP 04 , keeping the solution for 
at least 10 hours at 50-60®, filtering, washing with 5 per cent NH4NO3, 
and weighing as ZraPjOr after ignition in a crucible. 

Routine Method for Titanium in Steel , 

Digest 1 g of sample with 40 ml of 9 iV H 2 S 04 - Heat until all action 
ceases, filter, and wash with water. 

If W, Cr, or V is present, ignite the residue iti a porcelain crucible at a low tempera- 
ture until all carbon from the filter is consumed. Transfer to a platinum crucible 
and fuse with NaiCOj and a pinch of NaNO,. Digest the melt with hot water, filter, 
wash, and reject the residue. Dissolve in 6 AT HCl and add to the main solution. 

Dilute to 250 ml; add ammonia until a slight precipitate forms and 
then 5 g of Na2S203*5H20. If a precipitate of Fe(OH )3 persists, dissolve 
it by adding a little H2SO4. Heat until the Fe"^ is all reduced as 
shown by testing a drop with KCNS solution; there should be no red 
color. Then add a solution of 25 ml water, 15 ml concentrated NH4OH, 
and 10 g KCN. Boil 1 minute, add ashless-filter-paper pulp, filter, and 
wash with hot water. Ignite in a platinum crucible, fuse with 3 g of 
KjSjOt, cool, dissolve the melt in 10 ml of 18 N HjS 04 , and determine 
the titanium colorimetrically (p. 159). 

Separation of Zirconium from Iron, Aluminum, Chromium, 
Titanium, Cerium, and Thorium 

Zirconium, although almost always present in small quantities in rocks, is an 
element seldom determined in the past by the analytical chemist. It is very similar 
to titanium in its properties but is much less common Rocks rarely contain more 
than 0 2 per cent of this element and usually less than 0 005 per cent. Zirconium, 
like titanium, although to less extent, is used io steel-making, so that the steel-works 
chemists are now interested in the determination of zirconium in ores and in the 
metals and alloys derived from them 

At present the most popular method for determining zirconium’ consists in pre- 
cipitating zirconium dibydrogen phosphate, ZrHjfPOi)*, from a cold or tepid solution 
containing 20 per cent by weight of concentrated sulfuric acid, by means of a large 
excess of diammonium phosphate In the presence of hydrogen peroxide, titanium 
is not precipitated In this way zirconium can be precipitated in the presence of 
iron, aluminum, chromium, cerium, and thorium. 


‘Bailey, J. Chem. Soc., 49, 149, 481 (188C); Steiger, J. Wash. Acad. Sci , 8, 
637 (1918); Nicolardot and Reglade, Compi rend , 168, 34S (1919); Johnson, Chem. 
Mel Eng., 20, 58S (1919); Ferguson, Eng. Mtmng J , 106, 793 (1918); Hillebrand, 
Analysis of Silicate and Carbonate Hocks, p. 173, 1919; Lundell and Knowles, J. 
Am. Chem. Soc , 41, 1801 (1919), and /. Ind. Eng. Chem., 12, 502 (1920). 
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Procedure. For small quantities of zirconium (0.5 mg) the volume 
of the solution should be reduced to 25 ml before attempting to pre- 
cipitate zirconium phosphate. With larger quantities, the volume 
should be increased and amount to 200 ml for the precipitation of 0.1 g 
of zirconium. To the neutral solution add concentrated sulfuric acid 
until 20 per cent by weight is present. Add sufficient hydrogen peroxide 
to change all the titanium to pertitanic acid and at least 10 times 
as much ammonium phosphate as required theoretically to form 
ZrH2(P04)2. For small quantities of zirconium an excess of 100 times 
the theoretical quantity is desirable. Keep tbe solution at 40-50® for 
2 hours if more than 5 mg of zirconium is present, and for at least 
6 hours if the quantity of zirconium is smaller. Decant as much as 
possible of tbe supernatant liquid through a filter and wash with cold 
6 per cent ammonium nitrate until the excess ammonium phosphate is 
removed. Do not wash with pure water as it causes hydrolysis of the 
precipitate, lea'^ning less phosphoric acid in proportion to the zirconium. 
Moreover, it is easier to get a white, ignited precipitate when the filter 
and precipitate contain some ammomiun nitrate. Ignite very care- 
fully in an open crucible using a low flame until all the filter-paper car- 
bon has been consumed; then raise the temperature to the full heat of 
a M4ker burner or the blast lamp. Weigh as ZrP 207 . 

If the weight of the precipitate exceeds a few centigrams, it is better 
to fuse with sodium carbonate, extract the product with hot water, 
and weigh tbe residue as Zr 02 . 

Detennination of Zirconium, Aluminum, and Titanium 
in Steel 

Dissolve 5 g of steel in 50 ml of 12 iV HCl and add small portions of 
concentrated HNOs until all the iron is oxidized to the ferric state. 
Evaporate to dryness, moisten the residue with 10 ml of 12 N HCl, 
and repeat the evaporation, this time baking somewhat to remove any 
nitrates that may remain. Take up the residue in 50 ml of 6 HCl 
and heat until all the ferric oxide and basic salts are dissolved. Filter, 
wash the impure silica residue with hot 3 per cent hydrochloric acid, and 
save the filtrate. 

Ignite the impure silica and detenrune its weight if it is desired to 
know the silicon content of the steel. Treat with HF and H2SO4 as 
described under " Silicic Acid.” Fuse the slight residue with a little 
K2S2O1 (see p. 174). Dissolve the melt in 15 ml of N H2SO4 and add the 
solution to the acid extract obtained after the ether separation described 
in the second paragraph on p. 183. 
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If the steel contains tungsten fuse the resdue, after the treatment with HF, with 
6 g NasCOi, cool, and digest the melt with hot water. Add ashless-filter-paper pulp, 
filter, and wash with 2 per cent NH*NOi solution. Discard the filtrate but add the 
filter and residue to the original platinum crucible, ignite, fuse with KsSjO?, extract 
the melt with dilute sulfuric acid, and add to the acid extract obtained after treat- 
ment with ether as described in the next paragraph. 

Evaporate the filtrate and washings from the silica determination to 
sirupy consistency, add 40 ml of 6 AT hydrochloric acid, and extract 
mth ether as described on p. 179. The ether extract will contain most 
of the iron and molybdenum, and the acid extract will contain some 
iron and all the zirconium, titanium, aluminum, manganese, chro- 
mium and copper, etc., that was present in the steel. Discard the ether 
extract. 

Evaporate the ether from the acid extract, add the sulfuric acid 
solution obtained after the removal of the silica, and heat with 0.5 ml of 
concentrated nitric acid to make sure that all the residual iron is in the 
ferric condition. Dilute to 200 ml, and precipitate the iron, zirconium, 
titanium, manganese, nickel, etc., by adding 20 per cent sodium hydrox- 
ide, with 10 ml in excess. The caustic alkali used should be pure and 
free from carbonate. Dissolve the precipitate in hot 6 N hydrochloric 
acid, and repeat the treatment with caustic soda solution. Use the 
combined filtrates for the aluminum determination and this last precipi- 
tate for the determination of zirconium and titanium. 

Dissolve the precipitate in hot CAT hydrochloric acid. Inasmuch 
as zirconium phosphate is not easily dissolved by acid, it is possible for 
some zirconium to be left on the filtcra used for retaining the sodium 
hydroxide precipitate. To recover this, ignite the filters in a platinum 
crucible, fuse the ash with sodium carbonate, and extract the sodium 
salts in the melt by treatment with hot water. Discard this aqueous 
solution, dissolve the residue in hot C N hydrochloric acid, and add the 
solution to that containing the greater part of the zirconium. 

Determinaiion of Aluminum. In the absence of chromium, uranium, 
and vanadium, add a few' drops of methyl red indicator solution, neu- 
tralize with hydrochloric acid, and add 4 ml of concentrated acid in 
e.xccss for each 100 ml of solution. Make barely alkaline with am- 
monia, boil 3 minutes, and set aride for 10 minutes. If no precipitate 
forms, the absence of aluminum is assured. If a precipitate is obtained, 
filter it off and discard the filtrate. Without w’ashing the precipitate^ 
dissolve it in as little hot CAf hydrochloric acid as possible. Dilute 
to 50 ml, neutralize with ammonia, and add 2 ml of concentrated nitric 
acid. Heat to 50® and precipitate phosphorus with ammonium molyb- 
date as described under the " Determination of Phosphorus in Steel 
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by the Blair method.” Filter aod wash with ammonium acid sulfate 
solution and discard the predpitate of ammonium phosphomolybdate. 
Precipitate the aluminum hydroxide again with ammonium hydroxide 
as described above. Filter, discard the filtrate, rcdissolve in hot 3 N 
hydrochloric acid, and rcprecipitate. After washing with 2 per cent 
ammonium nitrate, ignite and weigh as AUOa. After so much manip- 
ulation, this precipitate is certain to contain a little silica from the 
reagents and glassware. It should be treated with sulfuric and hydro- 
fluoric acid to volatilize silicon fluoride as described under “ Silicic Acid/’ 
or a blank may be made carrjdng out every operation described above 
with a solution containing no iron or aluminum. 

If the steel contains chronuum, proceed as above until the filtrate 
from the ammonium phosphomolybdate precipitate is obtained. Con- 
tinue as above, but before the first precipitation of the aluminum hydrox- 
ide and phosphate, add a little sodium peroxide to oxidize the chro- 
mite to chromate. Then use nitric acid instead of hydrochloric acid 
to neutralize the alkaline solution. The first precipitate produced by 
ammonia then be free from chromium. 

If the steel contains uranium, use ammonium carbonate instead of 
ammonium hydroxide for the final precipitation of the aluminum. 

If the steel contains vanadium, the weighed AbOs will contain some 
vanadium. Fuse the precipitate with potassium pyrosulfate, extract 
the cold melt with 5 per cent sulfuric acid, and determine the vanadium 
content as described under “ Vanadium.” Make a corresponding deduc- 
tion from the weight of impure alumina. 

Determinaiion of ZiTconium and Titanium. Dilute the hydrochloric 
acid solution, obtained after dissolving the sodium hydroxide precipitate 
in the preceding directions, to 250 ml. Neutralize partly with ammo- 
nium hydroxide but leave about 5 per cent by volume of 6 hydro- 
chloric acid. Add 2 g of tartaric acid and precipitate any copper by 
introducing hydrogen sulfide. Filter if necessa^5^ Add ammonia to 
the solution which is saturated with hydrogen siilfide and introduce more 
of the gas. Filter and wash mth water containing 2 per cent of am- 
monium chloride and a little aramomum sulfide. If a precipitate forms 
in the filtrate, heat to boiling and filter through a new filter. The 
precipitate contains, besides FeS, most of the manganese and all the 
nickel and cobalt as sulfides. It isadvisahie to detennine these elements 
in another portion of the steel. 

Neutralize the ammonium sulfide filtmte with sulfuric acid, and add 
20 ml of concentmted acid in excess. Digest on the steam bath until 
sulfur and sulfides have coagulated. Filter; wash with 100 ml of 10 
per cent sulfuric acid by volume. Crol the filtrate in ice water. 
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Slowly add, with stirring, an excess of a cold 6 p>er cent solution of 
cupferron (ammonium nitrosophenylhydroxylamine). The excess of 
the reagent is shown by the formation of a white cloud on adding the 
reagent and the cloud disappears instead of forming a permanent 
coagulated precipitate. After waiting 10 minutes, filter with gentle 
suction and wash thoroughly with 10 per cent hydrochloric acid. Dis- 
card the filtrate. Carefully ignite in a weighed platinum crucible and 
weigh the ZrOj and TiOj. 

Fuse the weighed oxides vnth potassium p 3 rrosulfate and determine 
the titanium colorimetrically as described on p. 159. Deduct the 
corresponding weight of TiOj from the weight of the two o:ddes, or 
carry out the tanrun separation described on p. 223. 

Remarks. Phosphorus does not interfere appreciably. Vanadium causes some 
trouble. If present in the steel, fuse the weighed cupferron precipitate with sodium 
carbonate and determine the vanadium In the water-soluble extract. Fuse the 
insoluble residue with potassium pyrosulfatc and determino the titanium colorimetri- 
cally. 

Uranium may interfere slightly when present in the quadrivalent state. If this 
clement is suspected, boil off all the hydrogen sulfide before the cupferron precipi- 
tation and oxidiie the uranium to the sexivatent condition by means of permanga- 
nate and tlicn proceed with the cupferron precipitation. 

Tliorium and cerium interfere but are not thrown doim quantitatively with the 
sirconiura and titanium. If these elements aro suspected, proceed os follows: 
Take the solution after the colorimetric determination of titanium and add on 
exccas of potassium hydroxide solution. Filter and wash once or twice by decantation 
and then a few times on the filter with water. Transfer to a platinum dish, add 
hydrofluoric acid, and evaporate nearly to dryness. Take up in 6 ml of 5 per cent 
hydrofluoric acid (by volume). If no precipitate is visible, the rare earths are 
absent. If n precipitate is obtained, filter off the fluorides on a small filter resting 
in a Bakclitc funnel or a glass funnel thoroughly coaled with paraffin on the inside. 
Wn.’sh the crude fluondcs back into the platinum dhh, add the ash of the filler, and 
ciTiporatc to drjmcss uitli a little sulfunc acid. Take up in hydrochloric acid and 
prccipilale the rare earth hydroxides wHh ammonia Filler, redissolvc in hydro- 
chloric acid, evaporate to dryness, and treat the residue with 6 ml of boiling-hot 
f> per cent oxalic acid solution. After 15 minutes, filter, wash with less than 20 
ml of 5 per cent oxalic acid, ignite, and weigh Multiply the weight obtained by 
1.18 to allow for an imperfect separation of the rare cartlis, and deduct the weight 
from that of the ZrOi obtained by the above procedure. 

Separation of Beryllium (Glucinium) and Uranium 

Tlie^o two clement,-! rarely occur together except in a few minerals. Neitlicr of 
them H prwipilnted in the cold by adding an c\cc-w of ammonium carbonate to 
the acid soliiiioii, and in this n-pret they ore different from iron and aluminum. By 
Iwiling the nmmnnnim carlxniste solution, htmewr, basic l>crynium carlronato 
is pn-cipit.-itnl 11 the Iwilmg h continued long enough to m.ake the precipitation 
of tlic Urj Ilium quantUalivc, some uranium h thrown down, probably as ammonium 
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uranate, (NH 4 ) 2 U 207 . Hydroxylamine serves to prevent the precipitation of the 
latter compound by ammonium hydroxide but it does not prevent precipitation of 
beryllium hydroxide. Brinton and EUestad^ found it possible to develop a satis- 
factory method of separating beryllium and uranium by using both ammonium car- 
bonate and hydroxylamine hydrochloride. 

Procedure. To the hydrochloric acid solution containing not more 
than 0.2 g beryllium and 0.3 g uranium in a volume of about 250 ml, 
add 5 g of ammonium chloride, unle^ already present, and 5 g of 
hydroxylamine hydrochloride. Add concentrated ammonium carbon- 
ate solution until the precipitated carbonates dissolve completely in 
the excess of reagent. Heat to boiling and continue boiling for 30-60 
seconds after the heavy "white precipitate of basic beryllium carbonate 
forms. Filter without delay and wash thoroughly with cold water. 
This precipitate will contain the greater part of the beryllium and 
should contain no uranium. 

Add hydrochloric acid in slight exc^s to the filtrate and heat to 
remove all the carbon dioxide. Add 1 g more of hydroxylamine hydro- 
chloride and a slight excess of ammonium hydroxide after the solution 
has cooled. This causes the precipitation of the remainder of the 
beryllium as Be(OH)j. Filter and wash with 2 per cent ammonium 
nitrate solution containing a little hydroxylamine hydrochloride. 
Ignite the two precipitates in a crucible, finally heating over the blast or 
M^ker burner, and weigh as BeO. 

To determine uranium, make the filtrate from the last precipitation 
acid with hydrochloric acid, and to the cold solution add small portions 
of alkali bromate (keeping the beaker covered with a watch glass to 
prevent loss by spattering) until the solution shows the color of dissolved 
bromine. In this way the hydroxylamine is oxidized. Heat the solu- 
tion to boiling and precipitate ammonium uranate from the hot solution 
by adding a slight excess of ammonium hydroxide. "Wash with 2 per 
cent ammonium nitrate solution containing a little ammonia but no 
hydroxylamine hydrochloride. Ignite and weigh as UsOg. 

Separation of Uranium from Iron and Aluminum 

Treat the slightly acid solution, containing considerable quantities of 
ammonium salts, with an excess of ammonium carbonate and then with 
ammonium sulfide, allow to stand for some time in a closed flask, finally 
filter, and wash with water contmning ammonium sulfide. 

The precipitate contains the iron as sulfide and the aluminum as 
hydroxide; in the filtrate is found all the uranium as (NH 4 ) 4 U 02 (C 0 $)s. 


J. Am. Chem. Soe,, 46, 395 (1023). 
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Dissolve the precipitate in hydrochloric acid. Expel hydrogen sulfide 
by gently boiling, oxidize the ferrous salt to ferric salt by the addition 
of nitric acid, and determine the iron and aluminum by one of the 
methods described on pp. 167-172. 

Evaporate the filtrate contmning the uramum almost to dryness, 
make acid with hydrochloric acid, boil, and precipitate the uranium 
as ammonium uranate by the addition of ammonia which contains no 
carbonate. Filter off the precipitate promptly, wash with 2 per cent 
ammonium nitrate solution to which a little ammonia has been added, 
dry, ignite, and weigh as UjOg. 

The result obtained can be verified by heating the residue repeatedly 
in a current of hydrogen in a Rose crucible (see ‘ ‘ Copper Determina- 
tion ’*) until a constant weight of UO 2 is obtained. The purity of the 
precipitate can also be tested volumetrically (see Chapter XV). 

Separation of Beryllium from Aluminum 

Beryllium, although a bivalent metal of Group 11 in the periodic classification, 
resembles aluminum in its reactions Ordinarily it is determined as BeO after 
precipitation with NH«OH. Because of the colloidal nature of the precipitate, the 
results are likely to be a little high. Moser' recommends the first two of the follow- 
ing methods of precipitating Be(OH)t. 

(a) To the slightly acid solution containing about 0 1 g of BeO in 100 ml, add 
sodium carbonate till a slight turbidity results, dissolve this in hydrochloric acid, 
heat to 70® and, while pasVing a current of air through the solution, add 60 ml of 
0 per cent ammonium nitrite and 20 ml of methyl alcohol. The current of air helps 
to remove nitrous fumes, and the alcohol serves to form nitrous ester. 

(b) Dilute tlic solution containing about 0 1 g of BcO to 30(M00 ml, add 20-30 g 
of ammonium nitrate, and heat to boiling. Add about 1.25 g of tannin and am- 
monium hydroxide, drop by drop, until no further precipitation takes place If 
alkali cation is present, and no other cation is permissible, dissolve the precipitate 
in dilute hydrochloric acid and repeat the precipitation os before 

(c) The following method for separating beryllium from aluminum depends 
on the fact that, by fusing a mixture of BeO and AUO, with sodium carbonate, 
the former oxide is unattacked and the latter is transformed into water-eoluble 
sodium aluminflle.* 

Procedure. Fuse the oxides for 2 to 3 hours with 5 g of sodium 
corbonate at a temperature slightly above the melting point of the 
flux. Cool, digest the melt with 300 ml of water on the steam bath, 
filter, and wash the undissolvcd residue thoroughly with hot water. 
Ignite strongly and weigh as DcO. In the filtrate determine the alumi- 
num by Blum’s method (p. 148). 


‘ Mo«er and Singer, Monalah , 48, 673 (1927). 

* Wundcr and Wenger, Z, anal. Chem , 61 , 470 (1912). 
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If the origiaal oxides weighed only aboiit 0^5 g, a sbgle fusion usually suffices to 
accomplish a satisfactory separation; but if more is used it is advisable to fuse again 
with sodium carbonate and repeat the above treatment. 

Hillebraud and LundelP state that the best methods for separating beiyllium 
from aluminum are those in which the aluminum is precipitated by 8-bydroxyqubo- 
line (p. 151) or aa chloride by passing HCl gas into a cold solution of the two chlorides 
in a mixture of equal parts concentrated HCl and ether. Parsons and Barnes* 
recommended precipitating the aluminum in a boiling lOper cent solution of NaHGOj, 
but some beryllium is always carried down with the alumina and the separation is un- 
satisfactory in the prtaence of phosphate which causes precipitation of Be, Ti, Zr., etc. 

(6) DIVISION OF THE PROTOXIDES 
MANGANESE, NICKEL, COBALT, ZINC 
Manganese, Mn. At. Wt, 64.93 
Fonns: MnSOi, MnS, Mn^O*, MdsPsOt 
1. Detenmnatioa as Manganous Sulfate, MnS 04 

This method, first proposed by Volhard,® gives accurate results pro- 
vided that no other sulfate is present. Heating at 450-500® for an hour* 
is sufficient to remove all moisture and excess sulfuric acid. Long heat- 
ing (17 hours) at 580® causes slight darkening, but even then the results 
are accurate. 

Dissolve the oxide obtained by the ignition of the carbonate, sulfide, 
or of manganous manganite, in as little as possible of strong sulfuric 
acid, and some sulfurous acid if necessary to reduce MnjO^, in a por- 
celain crucible. Evaporate as far as posable on the water bath, remove 
the excess acid by heating in an electric oven, gradually raise the tem- 
perature to 450®, and keep it there for 30 minutes. The lieating can 
take place in an air bath (p. 31). When the air bath is used, finally 
cover both crucibles and heat over a good Bunsen burner for 10 minutes. 

(a) Precipitation of Manganese as Carbonate 

This method is suitable only for the determination of manganese in 
solutions of pure manganese salts containing nothing else except alkali 
and ammonium salts. 

^Applied Inorganic Analysis. 

*J. Am. Cham. Soc , 28. 1589 (IfJOS). 

•Ann. Chem. Pharm,, 198, 328 (1879). Cf. Marignac, Arch. set. phys. nai. {3], 
10, 25 (1883); Melneke, Chem. Z(g., 9, 1478, 17S7 (1885); Friedheiro, Z. anal Chem., 
38, 687 (1899); Gooch and Austin, Am. J. Sci., 6, 2Q9; Blum, J. Am. Chem. Soc., 
34. 1382 (1912). 

* Blum recommends a longer period of heating, but in his experiments be was 
working with 2.4 g of manganous sulfate and considered the weight constant only 
when the variation was less than 0-3 mg after heating for protracted periods. 
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According to H. Taram/ the predpitation is best accomplished by 
means of ammonium carbonate. For this purpose treat the neutral 
solution (which may contain other ammonium salts) with a slight excess 
of ammonium carbonate, heat gently, and allow the beaker containing 
the solution to remain in a lukewarm water bath until the precipitate 
has settled and the upper liquid has become clear. 

Filter off the precipitate, wash wth hot water, dry, ignite, and weigh 
as sulfate as described above. 

Remark. If either so^um or potassium carbonate is used to precipitate the 
manganese, the precipitate will always contain alkali carbonate that cannot be 
removed by washing. After the precipitate has been ignited, however, the alkali 
carbonate can be easily extracted by water Furthermore, the precipitation is not 
quite quantitative; the filtrate always contains small amounts of manganese. 

(b) Precipitation of Manganese as Sulffde 

This method is employed when it is necessary to separate manganese 
from calcium, strontium, barium, and magnesium. To the acid solu- 
tion, which contains not more than 0.3 g of manganese and no other 
cation that forms an insoluble sulfide, together with enough ammonium 
salt to prevent precipitation of magnesium as hydroxide, add concen- 
trated NH4OH and 2 ml in excess. Transfer the solution to a 260-mI 
Erlenmeycr flask and dilute to about 150 ml. Saturate with HjS, add 
2 ml more of NH^OH, and dilute with recently boiled and cooled water 
to the neck of the flask. Stopper the flask and allow to stand over 
night. Filter uninterruptedly through paper, and wash with a cold 
2 per cent solution of NH4CI containing a little NH3 and H2S. Keep 
the funnel nearly filled with liquid all the time, to prevent atmospheric 
oxidation. Dissolve the washed precipitate of manganous sulfide in 
dilute hydrochloric acid, evaporate the solution to dryness to remove all 
hydrogen sulfide, dissolve the residue in a little water, transfer the 
solution to a weighed crucible, and determine as sulfate. Manganous 
sulfide can also be weighed as such. (See p. 190.) 

(c) Separation of Manganese as Manganese Dioxide 

If a dilute solution of a manganous salt is treated with bromine water and boiled, 
the reaction 

MnCh + Br, + 211,0 MnO, + 2HC1 + 2HBr 

docs not take place unless the halogen acids are neutralized as fast as they are formed. 
This neutralization can be accomplished by means of the salt of a weak acid, such as 
sodium acetate, even when the solution contains free acetic acid, which is very slightly 

* Chem. News, 26, 37 (IS72), and Z. anoL Chem.^ 11, 425 (1872). 
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ionized in the presence of its alkali Balt. Thus in a solution such as is obtained after 
the removal of iron and aluminum by a ba^ acetate separation (cf. p. 209), the 
manganese can be precipitated quantitativdy by boiling with an excess of bromine 
water. The oxide does not corre^nd exactly to MnOj, although most of the 
manganese is in the quadrivalent condition.* When the precipitate has collected in 
large flocks, discontinue the boiling and allow the precipitate to settle; filter, and 
wash with hot water. Some chemists ignite this precipitate and weigh as MniO*, 
but it is more accurate to dissolve the precipitate in a mbcture of HCl and HiSOi 
and to precipitate the manganese finally as manganese ammonium phosphate. 
(See 4, p. 191.) 

Chlorine, hydrogen peroxide, hypochlorites, etc., may be used instead of bromine 
but these reagents have no special advantages. 

If the solution of the manganous salt also contains ammonium salts the precipita- 
tion of the manganese does not take place by the above procedure, because the 
sodium acetate serves rather to neutralize the add set free by the following reaction: 

2NH«Cl + 3Brt = N, + 2HC1 + 6HBr 

Upon the addition of ammonia, however, the precipitation of the manganese can be 
effected. In this case, it seems fair to assume that the reaction goes through the 
following stages: 

MnCli + 2 NH 40 H ?± Mn(OH)* + 2NHiCl 
MnCOH)i + Bct -b 2 NH 4 OH = MnO(OH)i -b 2NMt + HtO 

The precipitation with bromine and ammonia is not so satisfactory as with bromine 
alone because when ammonia or ammonium salt is present much of the bromine is 
used up in oxidizing them. In that case there is considerable evolution of nitrogen, 
and, moreover, when an excess of bromine b added the solution may become acid 
enough to dissolve the precipitated manganese. 

2NH, -b 3Brj *= 6HBr -b N* 

It is necessary, therefore, when ammonium salts are present to make sure that the 
solution is ammoniacal at the end of the operation. 

This method of precipitating manganese from solutions possesses disadvantages 
which make it useless m many coses. If, besides manganese, the solution contains 
calcium, zinc, etc., manganites of these metab are precipitated with the manganese. 
In this case the precipitate must be dissolved in hydrochloric acid and the precipi- 
tation repeated several times, but even then it b not possible to obtain a precipitate 
altogether free from these metals. If the other metals are present only in small 
amounts, the results obtained by this method are sufficiently accurate. The pre- 
cipitation of manganese as sulfide in the presence of other metals is always satbfactory 
and should be used almost invariably. 

2. Betennination of Manganese as Sulfide 

If the manganese has been precipitated, as described on p. 189, as 
sulfide, separate the precipitate from the filter as completely as possible, 

* The MnOj acts as the anhydride of metamanganoi^ acid, HsMnOi, and some 
manganous manganite, MnMnO, or MnsOs, b contained in the precipitate. 
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place in a Rose crucible (of unglazed porcelain) (Fig. 23, p. 67), bum 
the filter in a platinum spiral, and add the ash to the main portion of 
the precipitate. Add some pure sulfur which has been crystallized from 
CSj, and heat the cmcible and its' contents in a current of hydrogen. 
After the excess of sulfur has distilled off and burned, cool the cmcible in 
the stream of hydrogen and weigh the precipitate as MnS. 

3. Determination of Manganese as MojOi 

Inasmuch as all the oxides of manganese, as well as those compounds 
which are converted into oxide on ignition (manganous salts of volatile 
organic and inorganic acids, with the exception of the halogen salts), 
arc converted into MnaO*^ on being heated in the air, at temperatures 
between 940® and 1100®, it follows that this method for the determina- 
tion of manganese is quite generally applicable. It is nearly as accurate 
as the methods described under 1 and 2, if the ignition of the precipitate 
takes place in an electric furnace at about 1000®, and very good results 
arc obtained if, as recommended by Gooch,* the porcelain cmcible 
(containing the carbonate, manganous manganite, or sulfide) is entirely 
surrounded by the oxidation flame of a Teclu burner, whereby a moder- 
ately high heat is obtained rvithout too much free access of air. 

After the ignition, cool the cmcible and its contents in a desiccator 
and weigh the MnjO«. 

4. Determination of Manganese as Pyrophosphate, MnzPjO; 

This excellent method was recommended by W. Gibbs* and subse- 
quently studied by Gooch and Austin;* it is probably the best gravi- 
metric method for determining manganese. 

To the slightly acid solution, containing manganese equivalent to not 
more than 0.5 g MnjPiOr in 250 ml, and no other metals except alkalies, 
add 20 g of NII«C1 and 1 to 2 g of diammonium phosphate (NHOjHPO^. 
Ilcat to boiling, clear the solution if necessary with a few drops of 
C N IICl, and then add dilute NH4OH dropwisc with constant stirring. 
As soon ns a precipitate appears stop adding NH«OH and stir until the 
precipitate assumes a silky, crj’stallinc appearance. Continue boiling 
all the time. Finally add 0.5 ml of concentrated NII«OH and cool, 

> Cf R. J. Mpyer nnd K. fiotecrer Z. anorg Chm , 67, IW (IPOS), at 530* the 
oxides of manpano^ arc slowly hut quantitatively changed into Mn:Oi. 

* Z nnorg Ckrm , 17. SOS (ISOS) 

» Am J. Set , 46, 210; Z anal Chem., 7, 101 (18CS). 

*Z. anorg Chan., 18. 330 (ISOS). 
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preferably in ice water. Let stand 2 to 3 hours, filter through paper or 
into a Gooch crucible, wash wth cold, slightly ammoniacal, 10 per cent 
ammonium nitrate solution, dry, and heat to constant weight at about 
1000°. If a paper filter is used heat at as low a temperature as possible 
until all carbon is removed. Cool in a desiccator and weigh as Mn 2 P 207 . 

Manganese can be determined veiy accurately by volumetric methods 
(see Chapter XV). 

5. Colorimetric Determination of Manganese 

Small quantities of manganese can be determined accurately and quickly by a 
colorimetric method. The method depends upon the oxidation of Mn"*^ to strongly 
colored MnO«" and can be accomplished by such agents as alkali periodate, ammo- 
nium persulfate in the presence of silver ions, sodium bismuthate, or lead dioxide. 
Alkali periodate or ammonium persulfate in the presence of silver ions is usually 
preferred because no filtration is necessary. The reactions are : 

2 Mn-H- + SSiOs” + 8H,0 + lAg+l 2MnOr + lOSOr" + 16H^- + [Ag+] 
2Mn++ -I- SlOr + 3HjO -» 2MnOr + 510,’ + 6H-^ 

Procedure. Free the solution from reducing agents, if necessary, by 
boiling with nitric acid. If an insoluble carboniferous residue is present, 
as in the analysis of cast iron, it should be filtered off. Carbides, which 
are present in solution when steel is analyzed, should be oxidized by 
boiling with a little (NH4)2S208. If chlorides arc present, evaporate 
with nitric and sulfuric acids until fumes of the latter appear. When 
ready for the test, 100 ml of the solution should contain the equivalent 
of 20 ml concentrated nitric acid and in addition 10-15 ml of concen- 
trated H2SO4 or 5-10 ml of sirupy H3PO4 or a mixture of H2SO4 and 
H3PO4. The colorimetric comparison is best made with not over 1 mg 
of Mn in 50 ml of solution. 

With Periodate. Add 0.2-0.4 g of laOi or NaI 04 or 0.3-0.5 g of 
Na3H2l06. Boil 1 minute, keep hot 5-10 minutes, dilute to the proper 
volume, and compare with standards of known manganese content 
which have been treated in the same way. 

With Persulfate. Add 15 ml of 0.1 N AgNOs solution and 1 g of 
(NH4)2S208. Heat to develop the color, and continue heating for 30 
seconds after the oxidation starts and bubbles of oxygen appear from 
decomposition of the persulfate. Cool and compare with standards 
which have been treated in the same way. A colorimeter is convenient 
hut Nessler tubes are satisfactory. 
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Nickel, Ni. At. Wt. 68.69 

Eonns: Nickel Dimethylglyoxime, NiC 8 HnN 404 ; Nickel, Ni; and 
Nickel 0:dde, NiO 

1. Detennination as Nickel Glyoxime 

Dimethylglyoxime, GH, CNOH-CNOH-CHfe was recommended by L. Tschu- 
gaeffi as a reagent for nickel and used by K. Kraut* for detecting the presence o! 
traces of nickel in ashes. 0. Brunck* and others have also studied the reaction and 
have found it to furnish a most rapid and accurate method for the exact estimation 
of nickel either by itself or in the presence of cobalt, zinc, and manganese. If the 
solution contains tartaric acid enough to prevent the precipitation of iron by ammo- 
nia, the nickel in a sample of nickel steel can be determined accurately within 2 hours 
and without the removal of any other metal. 

When a dilute, neutral solution of a nickel salt is treated with an alcoholic solution 
of dimethylglyoxime, a red, crystalline precipitate of nickel dimethylglyojdme is 
formed. 

NiCU + 2(Cn,),C,(N0H), * |(CH,):C,NOH NOJjNi + 2IIC1 

Dimetbyli^yoxime Nickel dimetbylslyosiae 

The salt is soluble in mineral acids so that precipitation is mcomplcie because of 
the acid set free in the reaction. It becomes quantitative, however, if the mineral 
acid ia neutralized by ammonia or if sodium acetate is added, whereby the mineral 
acid is replaced by acetic acid in which the precipitate is practically insoluble. Large 
quantities of ammonium salts or of alkali acetate do no barm, but an excess of ammo- 
nia tends to retard the formation of the precipitate. The precipitate is distinctly 
soluble in absolute alcohol, but only traces dissolve in 60 per cent alcohol, and in 
mote dilute alcohol it is even less soluble. When thrown down in the cold or in the 
presence of much free ammonia the precipitate is very voluminous and hard to filter. 

Ferrous iron gives a deep red compound with dimethylglyoxime and ammonia; 
traces of ferrous iron can be detected in this way. The presence of a little ferrous iron 
does not, however, hurt the results and good values are obtained even when the color 
becomes deep red on standing after the addition of the reagent. If the solution is 
allowed to stand for some time before the nickel precipitate is filtered off, and an 
excess of reagent was used, some dimethylglyoxime often precipitates and can be 
seen in the form of long, white needles on top of the red nickel precipitate in the 
filtering crucible. This can be removed by washing with 50 per cent ethyl alcohol. 
The method is very accurate and can serve for determining large as well as small 
quantities of nickel, provided that not more than 0. 1 g of Ni is present in the solution 
analyzed 

Procedure. Dilute the neutral or slightly acid* solution so that not 
more than 0.05 g of nickel js present in 200 ml, heat nearly to boiling, 
and treat udth a slight excess of a 1 percent solution of dimethylglyoxime 

» Z anorg. Chem , 46, 144 (ISXW); Ber , 38, 2520 (1905). 

*2 angcw Chem., 19, 1793 (1906); ibxd, 20, 1844 (1907). 

* Ibid , 20. 834 (1907); Slahl u Euen, 28, 331. 

* If strongly acid, neutralize with NH^H. 
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ia ethyl alcohol.^ Carefully add ammonia until the solution smells 
slightly of it after blowing away the fumes. Allow to stand an hour if 
convenient, filter, while still hot, into a Gooch or Munroe crucible, 
wash with hot water, and dry at 110® to 120® for 45 minutes. The 
precipitate contains 20,31 per cent Ni. 

The nickel salt of dimethylglyoxime is red and crystalline. It con- 
tains no water of crystallization and sublimes at 250® without decom- 
position. Examine the prempltatc in the crucible to see if any white 
needles of dimethylglyoxime are present. If found, dissolve them by 
washing with 50 per cent ethyl alcohol. 

2. Determination of Nickel as Metal by Electrolysis 

Nickel is above hydrogen in the potential aeries of the elements sathat from acid 
solutions it is easier to discharge hydrogen ions than to deposit nickel, unless a mer- 
cury cathode is used. W. Gibbs* showed, however, that it is easy to get complete 
deposition upon the cathode when the nickel solution is strongly ammoniacal and 
contains considerable ammonium salt. A suitable electrolyte con be obtained by 
adding excess ammonia and ammonium salt to a solution containing nickel as sulfate 
or chloride. The presence of nitrate is usually avoided although it has been found 
posrible to effect complete deposition o! nickel from a nitrate solution provided that 
no nitrous acid is present. Nitrous acid can be removed from a solution of a metal 
in nitric acid by gentle boiling or by treating 
the solution with urea, CO(NH»)». iJi the 
electrolysis of nitrate solution on anode of 
passive iron has been recommended. This can 
be obtained by taking an iron wire of 1 5-mm 
diameter, cleaning it in HCl, dipping it into 
15 N HNOj, and promptly washing it with 
water and alcohol. When a platinum anode is 
used with a nitrate solution, a little platinum 
goes into solution at the anode and is deposited 
on the cathode; this causes high results in the 
nickel detennination. 

A suitable electrolytic cell consists of a 125- 
ml beaker, a platinum gauze cathode, and a 
smaller gauze or spiral anode (Fig. 39). The 
cathode should reach to the bottom of the 
beaker, and the top of the gauze cylinder 
should extend a little above the surface of the 
liquid. It may be desirable to use a platinum 
diA as cathode, as recommended by Classen. 

The electrodes can be connected with an 
electrode stand on which metal arms are 
Fia. 39. attached to an upright glass rod (Fig. 39). 


* Use 40 ml of 1 per cent solution for 0.1 g of nickel. 

* Z.anal. Chem., 3, 334 (1804); cf. Freseniusand Bergmann, ibtd., 19, 320 (18S0). 
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To prevent serious loss of electrolyte by spattering, cover the beaker with two 
halves of a watch glass This is not entirely satisfactory, as when much gas is 
evolved a little of the liquid is still carried off mechanically. This method of 
fastening the electrodes, moreover, has the disadvantage that, when the electrolysis 
is carried out in a hot solution, acid or ammoniacal vapors, as the case may be, 
condense on the brass arms of the electrode support; some of the liquids thus con- 
densed dissolve brass, and the resulting solution may drop into the beaker and spoil 
the analysis To prevent this, it is better to bend the ends of the electrodes to a right 
angle and connect with an electrode stand designed as shown m Fig. 40. 



This electrode holder consists of two brass rods insulated from each other by means 
of an intervening layer of mica, and the rods arc fastened to the ring r through a piece 
of ebonite, e The openings to hold the wires are cut wedge-shaped, so that wire of 
any shape can be inserted. 

Since the ends of the electrodes leave the beaker in a horizontal direction, the 
beaker can be covered tightly by mcans’of a whole watch glass, and not only are 
losses by spattering avoided, but there is absolutely no danger of contamination 
from the outside. 

Originally nil electrolytic determinations were made with stationary' electrodes and 
a weak current was passed through the sohition for a long lime. If too strong a 
current was u.scd, very often the deposits were spongj* and did not adhere well to 
the electrodes This was due to the fact that hydrogen gas began to form at the 
cathode before the deposition of the metal was anj’whcrc nearly complete. It 
was found, how ever, that, by stirring the electrolyte or by heating it so that the ions 
of tlie metal were kept constantly in contact with the cathode without waiting for 
their transference through the solution as a result of electric attraction, the current 
could be increased considerably and the time required shortened correspondingly. 
Tims by working in a concentrated solution and with a stirred electrolyte it is possible 
to deposit all the copper from a solution in a few minutes, whereas formerly about 20 
hours w ould have Iwn recommended. The Braun electrolytic apparatas (Fig. 2 1 on 
p. 74) has been found vciy satisfactory for such work with stirred electrolj'tcs. 
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The Electrolysis of Ammoaiacal Nickel Solution 

For every 0.25'-0.30 g nickel present as sulfate or chloride but not 
as nitrate,^ add 5-10 g of ammonium sulfate and 30-40 ml of concen- 
trated ammonia; dilute the solution with distilled water to a volume 
of 150 ml. Electrolyze this solution at the room temperature with a 
current of 0,5-1.5 amperes and a potential difference between the 
electrodes of 2.8-3.3 volts. Tbe electrolysis is finished in about 2 hours, 
as can be shown by adding a little water and allowing the current to 
pass through the solution for 15 or 20 minutes longer. If at the end of 
this time no nickel has deposited upon the electrode surface which was 
wet for the first time by the last dilution, the determination is finished. 
If the solution is kept at a temperature of 5O-C0® C, only about 1 hour 
is necessary for the deposition, and the deposit adheres better to the 
electrode and is bright, possessing almost the color of platinum. 

As soon as the electrolysis is finished, remove the watch glass, raise 
the electrode holder so that only the bottoms of the electrodes remain 
in the liquid, and wash the upper parts of the electrodes thoroughly 
with water from a wash bottle. Then raise the electrodes entirely out 
of the solution and wash the bottoms immediately with water. Turn 
off the current, rinse the cathode with alcohol, dry by heating at 105* 
for a few minutes, cool, and wdgh. 

To dean the cathode, place it in a small beaker, add enough 0 N nitric acid to wet 
all the nickel, and heat for at least 15 minutes. This treatment is absolutely neces- 
sary to remove the last traces of nickel. If this is not done, the electrode on being 
ignited becomes discolored, and it is then very difficult to clean the electrode by 
repeated treatment with acid followed by ignition. The addition of a little copper 
Balt to the nitric acid helps to dissolve the nickel deposit. To make sure that all the 
nickel has been deposited from the electrolyzed solution, nearly neutralize the 
ammonia with hydrochloric acid and add a few cubic centimeters of a 1 per cent 
solution of dimethylglyoxime in alcohol. When less than 0.1 mg of nickel is present, 
it will take several minutes for a yellow coloration to appear, and soon afterward the 
red crystals of nickel salt will be precipitated. 

The nickel not deposited by an electrolyris may be estimated accurately by shaking 
the solution thoroughly and comparing the color produced by the addition of di- 
metbylglyoxime with that produced with a dilute nickel solution containing a known 
quantity of nickel. Naturally such a colorimetric test can be used only with veiy 
small quantities of nickel. 

Remark. The electrolysis of mckel from an ammoniacal solution should not be 
continued for too long a time, because the cathode slowly gains in weight even after 
all the nickel has been deposited from the solution. The anode is attacked, causing 
platinum to go into solution, which is deported upon the cathode, partially, at least. 

The presence of loo little ammonia often results in the formation of black Ni(OH)t 
at the anode; the analysis then comes out too low. Copper, cobalt, and sine will 
be deposited under the above conditions. 


« Cf. p. 104. 
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3. Detennination as Nickelous Oxide 

Heat the nickel solution in a porcelain dish with bromine water and 
an excess of pure potassium hydroxide; the nickel is precipitated as 
brownish black nickelic hydroxide, Ni(OH)3. Filter off the precipitate, 
wash by decantation with hot water, dry, and, after burning the filter, 
heat strongly and weigh as NiO. The grayish green oxide thus obtained 
always contains small quantities of silicic acid and alkali,^ so that the 
results are too high. By treating the ignited mass with hot water, the 
greater part of the alkali can be removed. Drying and again igniting 
gives the weight of NiO + SiOj. Treat the oxide in a porcelain crucible 
with hydrochloric acid, evaporate to dryness, moisten the dry residue 
w’ith concentrated hydrochloric acid and then with hot water, filter 
through a small filter, wash with hot water, and ignite the filter together 
with the residue in a platinum crucible. The weight of this silica, 
SiOz, subtracted from the former weight of NiO + Si02, gives good 
results. 

Remark. It is possible to precipitate nickel quantitatively as Ni(OH)5 by means 
of caustic potash alone and the precipitate can bo changed to NiO by ignition. 
This method is open to the same objections as the above and, furthermore, Ni(OH)j 
is not so easily filtered and washed as Ni(OH)} 

These two methods are more tedious to carry out and since the results are not as 
accurate as those of the first two methods described they will probably not be used 
much in the future. 

Besides the methods described, it has been proposed to precipitate nickel as the 
sulfide, and weigh it as the oxide by ignition in air * The method is good but hardly 
comparable with the dimethylglyoxime method, the electrolytic method, or the 
volumetric titration with potassium cyanide. 


COBALT, Co. At. Wt. 68.94 
Forms: Co, CoS 04 , Co(CioH60NO)3 
1. Detennination as Metal 
(a) By Electrolysis 

The most accurate method for the estimation of cobalt is by elec- 
trolysis, and the details of the process are precisely the same as have 
been given under “ Nickel,” i.e., from a strongly ammoniacal solution 

* Cf. A. WindcUchmidt, Dissertalion, MQnster, 1907, and W. D. Treadwell Dis- 
scrtolion, Zurich, 1909 ’ 

*n Cormimboef, Ann. chim. appheata, II, 6 (190G). Cf. A. Windelschmidt 
loc. cU. ' 
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contairung ammonium salts and the sulfate or chloride (preferably the 
sulfate) of cobalt. It is customaiy to use a little more ammonia than 
in the determination of nickel, because cobalt has a greater tendency to 
deposit as black Co(OH )3 at the anode. The duration of the electrolysis 
is the same as with nickel, rather than somewhat longer. At the end 
of the determination, after the electrodes have been removed, test the 
entire solution for cobalt by boiling off ammonia, making acid with a 
little acetic acid, and adding 5 ml of water which has been saturated 
with HjS, Compare the color with that produced similarly vdth known 
quantities of cobalt. Make a corresponding correction to the weight of 
cobalt obtmned by electrolysis. 


(b) By Beduedon of &e Oxide in a Stream 
of Hydrogen 

Heat the cobalt solution to boiling in a porcelain evapomting dish, 
and precipitate the cobalt as black cobaltic hydroxide by the addition 
of caustic potash and bromine water. Filter off the precipitate,' dry, 
and ignite. Then cool and treat the oxides with water to remove the 
small quantity of alkali which is alwaj’s present. Filter, ignite in a 
stream of hydrogen, and weigh as metal. After weighing, dissolve the 
metal in hydrochloric acid, evaporate the solution to dryness, moisten 
the dry mass with hydrochloric acid, treat mth water, and filter off the 
small residue of silicic acid. Ignite this residue and subtract its weight 
from that obtained after the ignition in hydrogen. Cobalt may also 
be precipitated as cobaltous hydroxide by caustic potash alone, but the 
resulting precipitate is not as easy to filter and wash as the cobaltic 
hydroxide. Precipitation by means of sodium carbonate is not so 
satisfactory. 

The oxides of cobalt when ignited in air yield a mixture of CoO 
and C03O4 in varying proportions, so that they are not suited for the 
quantitative determination of cobalt. 

Remarit, The results obtained by this method are usually a little higher than 
those by electrolysis. 


2. Determination as Sulfate 

The method is the same as was described under "Manganese” 

(p. 188). 


* Cobaltic hydroxide, unlike nickelic Iqrdroxide, tends to yield a turbid filtrate on 
washing. A good grade of ashless filter paper is required. 
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3. Determination with a-Nitroso-/3-naphthol, CioH6(NO)OH 


o-Nitroso-^-naphthol, 


NO 


•n, precipitates Cu, Cr, Zr, Ti, V, Sd, W, Pd, Fe, 


and Co and does not precipitate Sb, Al, Mg, Ni, Zn, Wn, Ca, Sr, or Ba. If an excess of 
cobaltous salt is added to a neutral, aqueous solution of the sodium salt of a-nitroso- 
p-napbthol, a bro^vTiish red precipitate of Co(Cn)H*NOj)j is obtained, but by heating 
with acids this cobaltous compound is converted mto the more stable trivalent cobal- 
tic salt Co{CioHaNOj)3 by atmospheric oxidation. This is analogous to the oxidation 
of KiCoCCN)# to KjCo(CN)«. The corresponding nickelous compound is brownish 
yellow. It is not very soluble in water or dilute acetic acid but it dissolves readily in 
dilute hydrochloric or sulfuric acid. The most important applications of the reagent 
a-nitroso-0-naphthol in analytical chemistry are for the detection of small quantities 
of cobalt and for the determination of cobalt' in the presence of large quantities of 
nickel. A solution of the reagent m 50 per cent acetic acid is added to the solution of 
nickel and cobalt and the solution is made acid with hydrochloric acid. The brick- 
red precipitate is heated strongly in the air and weighed as CoiOj or, better, reduced 
to metallic cobalt in hydrogen and weighed as Co. 


Procedure. To the neutral solution containing 1 to 30 mg of Co and 
not more than 0.2 g of nickel, add 5 ml of concentrated HCl and dilute 
to 200 ml. Heat to about 80®, and add slowly while stirring an excess 
of the reagent which is freshly prepared by dissolving 2 g of the oi^anic 
compound in 75 ml of glacial acetic acid, diluting the solution with 75 ml 
of water, and filtering. Use 15 ml of the loagent for each milligram of 
Co. After3or4hoursfiltertfaroughafiIteringcrucibIe; w'ash with cold 
water, then with hot 1.5 N HCI, and finally with hot water till free from 
acid and nickel. Dry the precipitate, sprinkle a little powdered oxalic 
acid over it to prevent too sudden combustion, and heat in a good 
oxidizing atmosphere to about 1000®. Weigh as C03O4. 

If the precipitate is large, ignite it in hydrogen and w’oigh as Co or 
filter it through a paper filter, destroy organic matter by heating with 
sulfuric and nitric acids, and then determine cobalt by one of the other 
methods. 


To accomplish the destruction of organic matter, add 10 ml of concentrated HNO, 
and an equal volume ol concentrated HjSO^. Evaporate in a porcelain or platinum 
dish, and heat until fumes of H*SO« escape freely. This causes a blackening of the 
acid solution. Cool, add 5 ml more of concentrated HNO,, and again evaporate till 
dense fumes are evolved Continue this treatment until the solution does not darken 
w hen it is evaporated to fumes of H,SO,. 


' Ilinsky and lOiorro. Ber., 18, 690 (1885); G. v. Knorre, Z. angew. Chem , 17, 077 
(1901) See also Schmidt, Z. mor, <mgan Chem , 80, 335 (1913); Kranss and 
Dcncko, Z. anal Chem , 67, 80 (1925); a Maj-r, Z. anal. Chem., 98, 402 (1931) 
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ZiNC.Zn. At. Wt. 65.38 
Forms: ZnNH 4 POj,ZnjP 207 ,ZnO,ZnS, Zn 
1. Determination as Zinc Ammonium Phosphate or Zinc Pyrophosphate 

T hi s excellent method, first recommended by H. Tamm,' has been studied and 
improved by G. Losekann and T. M^er,* M. Austin,* and especially H. D. Dakin.* 

Procedure. To the coldf acid solution of the zinc salt add ammonium 
hydroxide until the solution is barely acid to methyl orange. Care is 
necessary at this point, as zinc ammonium phosphate is soluble both in 
acids and in ammonia. Dilute with water to a volume of 150 ml, and 
heat on the water bath. To the hot solution, add 10 times as much 
ammonium phosphate by weight as there is zinc present. (If the diam- 
monium phosphate contains monammonium phosphate, the salt should 
be dissolved in cold water and dilute ammonia added until the solution 
just becomes pink with phenolphtbalein.) The precipitate that first 
forms is amorphous hut it soon changes into fine crystals of zinc am* 
monium phosphate. The transformation takes place more rapidly in 
proportion to the quantity of ammomum salts present. After the 
heating has continued for about 15 minutes, remove the dish from the 
water bath, and after the precipitate has settled for a short time filter 
it off into a weighed filtering crucible, wash with hot 1 per cent ammonium 
phosphate solution until free from chloride, etc., then twice with cold 
water, and finally with 50 per cent alcohol. Dry at 100-135® for an 
hour and weigh as ZnNHtPOi, which contains 30.64 per cent Zn. The 
precipitate can be washed and dried with alcohol and ether if desired 
(cf. p. 83). 

Or the precipitate may be weighed as the pyrophosphate, ZnaPsOj, 
in which case it is desirable to heat the dried zinc ammonium phosphate 
very slowly in an electric oven to 900-1000®. If such an oven is not 
at hand place the filtering crucible in a larger crucible and heat over the 
gas flame. Gradually raise the temperature until finally the full heat 
of the Teclu or M6ker burner is reached. Heat to constant weight. 
ZnjPjO? contains 42.90 per cent Zn. 

Test the filtrate from the ZnNH 4 p 04 precipitate with ammonia and 
ammonium sulfide. If a small predpitate of white zinc sulfide is formed, 
filter it off, using a paper filter, ignite in a porcelain crucible, and weigh 

' Chem. News, 24 , 148 . 

» Chem. Ztg., 1886 , 729 . 

* Am. J. Sci , 1899 ; Z. anorg. Chem., 22 , 212 ( 1900 ). 

< Z. anal. Chem., 39 , 273 ( 1900 ). 
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as ^ZnO. No sulfide precipitate will be formed if the above conditions 
were followed carefully. 

The determination as pyrophosphate is to bo recommended when 
the zinc solution contains a very large quantity of ammonium salts 
because long washing is required to remove them and this renders the 
results a little low. When the precipitate is weighed as pyrophosphate, 
the ammonium salts are volatilized and it is not necessary to remove 
them by washing. If the precipitate is very gelatinous, AIPO 4 is 
probably present. 

Remark. Under some condiUons, as when magnesium or aluminum is present, 
the procedure of K Voigt is followed. To the solution of the zinc salt, containing 
ammonium salts as well, add an excess of ammonia and the required volume of am- 
monium phosphate solution. After allowing to stand for some time, filter off the 
precipitated magnesium ammonium phosphate and aluminum phosphate; the zinc 
ammonium phosphate is soluble in ammonia. Heat the filtrate on the water bath 
until all the free ammonia has been expelled, whereby zinc ammonium phosphate 
separates quantitatively in the form of the crystalline precipitate. Treat this pre- 
cipitate as described above. If some of the precipitate should adhere firmly to the 
sides of the dish, it may be dis'^olved m a few drops of hydrochloric acid, the solution 
immediately neutralized with ammonia, and heated a few mmutes on the water bath 
before filtermg. 


2. DeteraiioAtion as Zinc Oxide 

The carbonate, nitrate, acetate, and oxalate of zinc are readily and 
quantitatively changed to zinc oxide by ignition in the air; the sulfate, 
when present in relatively large amounts, is transformed into oxide with 
difficulty. Small amounts of the sulfate may bo changed to oxide by 
igniting over the blast lamp. It is advisable, however, if the zinc is 
present as sulfate, to precipitate it from the aqueous solution as sulfide 
and weigh it as such according to 3; or to dissolve the sulfide on the 
filter in dilute hydrochloric acid, receiving the solution in a weighed 
platinum dish, evaporate to dr 3 mcss on the water bath, change to oxide 
by the method of Volharcl as described below, and weigh as such. 

The chloride is readily changed to oxide, according to Volhard, by 
gentle ignition with pure mercuric oxide. The method is as follows: 
Treat the neutral solution of the chloride, contained in a platinum dish, 
with a large excess of pure yellow mercuric oxide, ^ suspended in water, 
and evaporate to drjTicss on the water bath; mercuric chloride and 

> The mercuric oxide is prepared by precipitating a solution of mercuric chloride 
with pure caustic potash. Allow the precipitate to settle, wash by decantation with 
water until free from chloride, and keep suspended in water in a bottle with a wide 
neck A considerable amount of the mercuric oxide, say 6-10 g, should leave no 
wcighable redduc after ignition. 
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zinc oxide are formed ^ 

ZnCU + HgO = ZnO + HgClj 

both of which arc white substances. Enough mercuric oxide should 
be used so that the residue obtained after the evaporation is noticeably 
yellow. 

Ignite the dry mass under a hood mth a good draft (on account- of 
the poisonous mercury vapom), at first gently and finally strongly, 
and weigh the residue of zinc oxide; both mercuric chloride and oxide 
are volatile. The results are excellent. 

If the solution contains alkalies as well as zinc, the zinc can be precipi- 
tated as basic carbonate and changed to oxide upon ignition. The 
precipitation of the zinc carbonate should take place in a porcelain 
dish, and the sodium carbonate solution should be added drop by drop 
to the cold, barely acid solution free from ammonium salts. Add the 
sodium carbonate solution until the zinc solution becomes turbid, then 
heat to boiling; the greater part of the zinc is precipitated as granular 
zinc carbonate. Add 2 drops of phenolphthalein indicator solution 
and enough sodium carbonate solution to impart a distinct pink color. 
In this way a precipitate of zinc carbonate is obtained free from alkali, 
' which is not the case if the hot solution is at once precipitated by the 
addition of an excess of sodium carbonate.* Filter the precipitate 
from the hot solution and wash with hot water until 20 drops of the 
filtrate leave no residue on evaporation. Dry the precipitate, transfer 
the greater part to a weighed porcelain crucible, bum the filter by itself 
in a platinum spiral, and add the ash to the main part of the precipitate 
in the crucible. Ignite at first gently and finally strongly over a Teclu 
or M6ker burner, and weigh* after cooling in a desiccator. 

If the zinc solution contains ammonium salts, it is possible to remove 
them by boiling with an excess of sodium carbonate solution. 

3. Detenninafion as Sulfide 

This determination is chosen when the zinc is present in a solution 
containing ammonium salts, or when it is necessary to separate zinc 
from alkaline earths, alkalies, or metals of this group. Zinc sulfide may 

* If considerable amounts of ammonium salts are present there may be no pre- 
cipitation. Sodium carbonate should then be added until the solution is slightly 
olkahne and the solution boiled until all the ammonia is expelled. 

* If the solution contains sulfate, the precipitate produced by sodium carbonate 
always contains more or less basic zinc sulfate, which may easily lead to high results. 
In the presence of sulfates, therefore, it is adwsable to precipitate the zinc as sulfide 
and detemune it as such according to 3. 
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be pfccipitatcd from ammoniacal solutions, or from solutions contain' 
ing free acetic, formic, citric, or thiocyanic acids in the presence o: 
ammonium salts. 

(a) Precipitation of ZnS from Ammoniacal Solutions 

Place the slightly acid solution in an Erlenmcyer flask and treat witl 
sodium carbonate solution until a permanent precipitate is obtained 
Dissolve this by the addition of a few drops of ammonia, and then, fo: 
every 100 ml of the solution, add 5 g of ammonium acetate (or, better 
ammomum thiocyanate), followed by a slight excess of freshly preparcc 
ammonium sulfide. Nearly fill the flask with boiled water, stopper 
and allow' to stand 12 to 24 hours. 'Without disturbing the precipitate 
pour the clear supernatant liquid through a paper filter of fine tex 
ture. Cover the precipitate with a 5 per cent solution of ammoniurr 
acetate (or ammonium thiocyanate) containing 2 ml of ammoniun 
sulfide solution. Shake, allow to settle, and pour the turbid solutior 
through the filter, taking care to receive the filtrate in a fresh beaker 
if it comes tlirough turbid pour it through the filter again. Repoa' 
tlio decantation 3 times, after which transfer the precipitate to the filtc: 
and wash completely with the above W’ash liquid, taking pains to keej 
the filter full during the entire operation, finally washing with watei 
containing ammonium sulfide only. Dry the precipitate, transfer ai 
completely as possible to a weighed Rose crucible, bum the filter b3 
itself, and add the ash to the main portion of the precipitate. Mb 
the precipitate w'ith ono*third a.s much pure sulfur, cover with a laye: 
of sulfur, and heat as described under ” Manganese " (p. 191), jn i 
current of hydrogen. Finally allow the crucible to cool in the stream o 
hydrogen and weigh the zinc sulfide. 

(6) Precipitation of ZnS from Acid Solutions 

To the solution, which has been nearly neutralized with ammonia 
add ammonium chloride or sulfate os in the previous method and i 
little ammonium or sodium acetate; then saturate with hydrogen suJ 
fide. After the precipitate has settled completely, pour the supematen: 
solution tlirough a filter, and wa'sh the precipitate witli 2 to 4 per ccni 
acetic acid which has been saturated with hydrogen sulfide, 
tiioroughly w.'u-licd, treat as described above. It is to be noted that th< 
zinc sulfide shows loss tendency to form colloidal solutions when it h 
thrown dowm from a slightly acid solution than when it is precipitatcc 
from alkaline .•solution'?. 
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4. Electrol 3 rtic Detennination of Zinc 

It is possible to deposit zinc electrolytically with a current of 0.2-0.3 
ampere frora a neutral solution to which sodium acetate and a few 
drops of acetic acid have been added. From the solution of potassium 
or sodium zincate, or from the complex alkali zinc cyanides, it is easier 
to deposit the zinc quantitatively. 

(a) Method of F. Spitzer^ 

To the solution of zinc sulfate (chlorides and nitrates should be 
absent) add a drop of phenolphthalein and sodium hydroxide solution 
until a permanent coloration is obtmned. Then add 20-25 ml of 4 iV 
sodium hydroxide solution, dilute to 150-200 ml, and electrolyze with 
a current of O.S-1 ampere and 3-4 volts electrode potential using a 
platinum gauze cathode. At the end of 3 hours the electrolysis is 
finished, provided that not more than 0.5 g of zinc was present. Without 
breaking the current, raise the electrodes nearly out of the bath, wash 
the upper portions quickly with water, then remove the electrodes 
entirely from the solution and rinse with water. Turn off the current, 
wash the cathode with alcohol, dry over a flame, cool in a desiccator, 
and weigh. Under these conditions, zinc forms a bluish gray deposit 
that adheres firmly to the electrode. To make sure that all the zinc 
was deposited, clean the electrodes and electrolyze the solution for 
30 minutes longer. A slight increase in weight will always be obtained 
because the anode is attacked slightly by the alkaline solution so that 
the cathode slowly continues to gain in weight from deposited platinum. 
If at the end of half an hour the gain in weight is not over 0.3 mg then 
the deposition of the zinc was complete the first time, as can be shown 
by testing with hydrogen sulfide. The results are always a little high.* 

To clean the electrodes, boil them with 4 N hydrochloric acid, wash 
well with distilled water, and heat over a flame. It is not necessary to 
cover the platinum gauze with a thin coating of copper or of silver, as 
has been recommended when a platinum dish is used as the cathode. 

Remaik. 11 too little caustic soda is pxeaent, a spongy deposit d£ zinc is obtained 
which does not adhere well to the electrode. For this reason the above directions 
should be followed closely. 

Elektrochem., 11, 401 (1905). 

*EUwood B. Spear, J Am. Chem. Soe., 32, 530 (1910). The experiments have 
been repeated in the Ztirich laboratory by Janmi, who obtained as an average from 
fourteen determinations with 50 ml of a zinc sulfate solution the value 0 1014 g 
Zn instead of O.IOOS g Zn, a difference of about 0.6 per cent. 
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In the presence of ammonia the determination is not successful. • Therefore, if 
it is desired to analyze a solution containing on ammonium salt, it must be boiled with 
caustic soda until all the ammonia has been c^elled. Moreover, if chlorides or 
nitrates arc present they must be removed by evaporation n-ith sulfuric acid. Evap- 
orate the solution on the water bath and finally heat over the free flame until dense 
vapors of sulfuric acid arc expelled. Dilute the solution and electrolyze as described. 

(b) The Potassium Cyanide Method* 

Add a drop of phenolpbthalein indicator to the solution of zinc sulfate, 
caustic soda until a permanent pink coloration is obtained, and then 
potassium cyanide until a clear solution results. Dilute to a volume of 
150-200 ml and electrolyze with a current of 0.2-0.3 ampere. At first 
the electrode potential is about 5.8 volts, but it falls during the analysis 
on account of the current healing the solution. The electrolysis is 
finished in 2 or 3 hours. 

SEPARATION OF MANGANESE, NiCKEL, COBALT, AND ZiNC FROM 

THE Alkaline Earths 

The separation depends upon the insolubility of the sulfides of the metals of this 
group and the solubility of the sulfides of the alkaline earths. 

Procedure. Treat the neutral solution of tlie chlorides in a 250-nil 
Erlcnmcycr fla.«k trith ammonium chloride (if it is not already present), 
and add 2 ml of concentrated Saturate with 11:5, which 

causes precipitation of sulfides and formation of NH 4 nS. Add 2 ml 
more of concentrated ammonia to form (NH4)tS, dilute to the neck of 
the flask nitli recently boiled water, stopper, and let stand for several 
houre. Filter uninterruptedly through paper, and wash nith cold 2 per 
cent T^lhCl solution. Keep the funnel covered a-s much as possible. 
Any green color of the filtrate indicates lack of sufficient precipitant or 
electrolyte. 

If only a small quantity of alknlino-carth metals is present and the 
ammonium Rilfidc solution is entirely free from ammonium carbonate, 
the sepnratiou is u.sually complete after one precipitation; in the pre.s- 
cnec of con^-idcrabU* calcium, strontium, barium, or magnesium the 
Rdfi<lo precipitate will ahways be more or less contaminated with these 
Rilj'itanco.s, so tliat the prrcipitation must bo repeated. For this 
purpo^ transfer the wa.shcd precipitate ns completely a.s possible to a 
porcehun crticiblc, bum the filter paper in a platinum spiral, and add 

* Lurkow, 7. anaJ Chem., 19, 1 (IRSO); llcibtcin nnd Jancin, Her 12 4^0 flS791* 
Milot. tluli Hr. rhtm , S7. 339 {1S«2); W. D. Treadwell, KUctrocnahji. M<ihodcru 
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the ash to the main part of the prewpitate. Cover the crucible with a 
watch glass, add 2 N hydrochloric acid, and heat gently after the evo- 
lution of hydrogen sulfide has ceased, to remove all dissolved gas. 
Now add a little concentrated nitric acid and heat the mixture until 
the precipitate is completely dissolved and the solution is evaporated 
to dryness, add a little concentrated hydrochloric acid, and again evap- 
orate to make sure that no nitrate remains. Moisten the dry mass 
with a few drops of concentrated hydrochloric acid, dissolve in hot 
water, and filter off the slight residue of sulfur, which, if barium is 
present, always contains a small amount of barium sulfate. Wash 
the residue with hot water, dry, ignite in a porcelain crucible, and weigh. 
Treat the filtrate exactly as before with ammonium sulfide. 

If nickel is present, an excess of ammonium sulfide must be carefully 
avoided, as otherwise some nickel sulfide will pass through the filter 
(cf. Vol. I). Always, however, the filtrate should be tested for nickel 
by acidifying with acetic acid, heating to boiling, and passing hydrogen 
sulfide into the solution. If a slight black precipitate is produced by 
this treatment, filter it off and combine with the main precipitate 
(cf. pp. 215 et seq.). Free the filtrate, containing the alkaline-earth 
cations, from ammonium salts by evaporating to dryness and heating 
the residue; dissolve this in hydrochloric acid, and examine as described 
on pp. 249 et seq. 

Remark. Solutiona of NE4OH absorb CO* from the air and form ammonium 
carbonate which precipitates the alkaline earths. It is best to use ammonia which 
has been freshly distUled with lime. If nickel and cobalt are absent, the sulfide 
precipitate should dissolve easily in hot, dilute HCl, and the above-described heating 
in a crucible followed by treatment with nitric acid is unnecessary. 


Preparafion of Ammonia Free from Carbonate and Silicate 

Add 10 g of freshly slaked lime to 500 ml of concentrated ammonia contained in a 
liter flask that is connected with a condenser. Close the condenser by means of a 
tube containing soda-lime, and allow the contents of the flask to stand for a day with 
frequent shaking. Then place 300-400 ml of water in a flask and boil, meanwhile 
passing through the water a current of air that has been freed from all traces of carbon 
dioxide by passing through concentrated caustic potash solution and then through a 
tower filled with soda-lime. Allow the water to cool in this air stream. Place the 
flask containing the ammonia on the water bath in auch a position that the condenser 
tube U inclined slightly upward, and connect this with the delivery tube, through 
which the air previously passed into the flask of boiling water. By heating the 
water bath, distil the ammonia over into the flask containing the boiled water, by 
which it is completely absorbed. By saturating a part of this ammonia with hydrogen 
sulfide, a solution of ammonium sulfide is prepared suitable for the above-described 
separation. 
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SEPARATION OF THE BIVALENT FROM THE OTHER METALS OF 

THE Ammonium Sulfide Group 

This separation is often designated as that of the -proloxides from the sesquioxides! 
this designation is not applicable with respect to quadrivalent titanium and zirconium, 
etc , or to sexivalent uranium which ore often precipitated with the trivalent ions. 
The Latin prefi-x sesqui means one and a half times; the prefix proto is derived from 
the Greek and means first or lowest of a series. Oxides of the general formula MO 
(m our present nomenclature) arc the protoxides, and oxides of the general formula 
MsOj are the sesquioxides. According to the dualistic theory of Berzelius, salts were 
considered combinations of metal oxides wiUv non-mctallic oxides, and compounds 
such as NaCl and AlCh were not regarded as salts but as binary compounds formed 
from only two elements. The analytical chemist still reports his results in terms of the 
oxides, and, even today, the older chemists think of the oxidation of a ferrous salt 
by permanganate as the oxidation of FeO to FeiOi by means of MnjO? and balance 
their equations of oxidation and reduction on this basic assumption. 

Insoluble hydroxides or basic salts of trivalent iron, chromium, and aluminum 
and of quadrivalent titanium and zirconium precipitate when the acidity of the 
solution lies between 10*^ and I0~^ * mole of hydrogen ionsperliter. Bivalent uranyl 
ions usually precipitate also at this acidity. 

It is quite common to express the acidity of a solution in terms of the so-called 
hydrogen exponent, pH, which is the value log 1/c when c is the concentration of 
in moles per liter. Thus a concentration of 10“* mole of hydrogen ions per liter is 
expressed briefly by saying pH 0. Since the logarithm to the base 10 of 1 is 0 and 
the logarithm of a fraction is the logarithm of the numerator minus the logarithm 
of the denominator, it is evident that l<^ I/c 6 when e = 10"*. 

It is easy to tell when the hydrogen-ion concentration corresponds approximately 
to pH 6 because methyl red indicator in dilute solution changes from red to yellow 
at this point. Most methods for separating ions of iron, chromium, and aluminum 
from the bivalent ions of the third group depend upon the neutralization of an acid 
solution. This may be accomplished by the careful addition of ammonia, by adding 
a salt of a weak acid, or by adding an insoluble carbonate or oxide. Theoretically, 
the separation could be accomplished by the addition of caustic alkali or alkali car- 
bonate provided that the solution was never allowed to become more alkaline than 
corresponds to pH = about 5, but it is practically impossible, because some portion 
of the solution is likely to contain a slightly lower acidity, even although it is well 
stirred, and the excess of this causes the precipitation of insoluble hydroxides of 
bivalent metals. It is difficult to make the separation with ammonium hydroxide, 
for this same reason, but when ammonium hydroxide is added to a solution containing 
an ammonium salt, its ionization is repressed so that it amounts to less than one- 
hundredth as much as that of a causric alkali solution of the same normal concen- 
tration Moreover, in ammonium hydroxide solution, the greater part of the reagent 
consists merely of dissolved NH, and this forms complex ions with many bivalent 
ions, particularly copper, cadmium, nickel, cobalt, and zinc ions, and the formation 
of these complexes prevents precipitation of hydroxides. 

The Barium Carbonate Method 

This method depends upon the fact that ferric, aluminum, and chromic ions 
(as well as titanic, zirconic, and uranyl ions) are precipitated in the cold by barium 



;^e*- + -s s iS >s>^° 



BASIC ACETATE METHOD 


209 


Dissolve the precipitate in normal hydrochloric acid solution, boil 
to remove carbon dioxide, and separate the iron, aluminum, chromium 
(titanium and uranium) from the barium^ by double precipitation with 
ammonium sulfide as described on p. 205. Separate the iron, alumi- 
num, chromium (titanium, zirconium, and uranium) from one another 
as described on pp. 167-188. 

In the filtrate from the barium carbonate precipitation remove barium 
by the addition of sulfuric acid* to the boiling solution after it has been 
made acid wth hydrochloric acid. Filter off the barium sulfate and 
separate the bivalent cations from one another as described on pp. 215- 
219. 

Remark. The above separation of the sesquioxides from the protoxides is not 
absolutely certain in the presence of nickel and cobalt. In this case, particularly 
when considerable iron is present, the precipitate produced by barium carbonate 
contains a little nickel and cobalt. This difficulty can be overcome, however, by 
adding ammonium chloride to the solution (3-5 g for each 100 ml of solution) before 
precipitating with barium carbonate; the separation is then satisfactory. 


Separation of Iron, aluminum, and titanium (but not 
Chromium and Uranium) from Manganese, 

Nickel, Cobalt, and Zinc 

Basic Acetate Method 

This classic method depends upon the fact that ferric, aluminum, and titanium 
acetates are hydrolyzed in hot, dilute solutions much more readily than the acetates 
of the bivalent metals From the equation 

FeCCjH,0,)s + 2 HOH 2HC,H,Oi + FefOH)2-C*H,Oj 

it IS evident that acid is set free which tends to stop the reaction, owing to the solvent 
action of hydrogen ions The concentration of free hydrogen ions, however, is kept 
low by the addition of sodium acetate Then, as a rule, some manganese is likely 
to be precipitated, so that it is advisable to dissolve the precipitate and repeat the 
precipitation. Hydrated manganese dioxide, MnOj-HiO, or manganic hydroxide, 
Mn(OH),, is more insoluble than manganous hydroxide, Mn(OH)j, and hence long 
boiling in the air tends to increase the quantity of manganese precipitated. The 
method is somewhat tedious but gives excellent results. 

Procedure. To the slightly acid solution of the chlorides, contained 
in a small beaker, add sodium carbonate solution in the cold until a 
slight permanent opalescence is obtained; redissolve the precipitate 

> Most authorities recommend prcciintating the barium first with sulfuric acid 
and then separating the iron, aluuunum, etc Since the precipitate of barium sulfate 
always contains small amounts of the heavy metals, the above procedure is preferable. 

* Or, better, by double precipitation of the other metals with ammonium sulfide. 
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by the addition of a few drops of dilute hydrochloric acid. Meanwhile 
prepare a boiling, dilute solution of sodium or ammonium acetate in a 
large round-bottomed flask, containing, for each 0.1-0.2 g of iron or 
aluminum, 1.5-2 g of acetate and 300-400 ml of water. When the 
iron solution is ready, take away the burner from beneath the flask; 
add the solution of iron, aluminum, etc.; replace the burner; and con- 
tinue the boiling for 1 minute. Then remove the flame (the precipi- 
tate becomes slimy on long boiling), allow the precipitate to settle, and 
filter while the liquid is hot through a fluted filter, washing three times 
by decantation with boiling water containing ammonium or sodium 
acetate. Spread the filter together with the precipitate upon a glass 
plate, rinse the bulk of the precipitate into a porcelain dish, and dis- 
solve the precipitate remaining on the filter by alternately treating with 
hot 3 N hydrochloric acid and with hot water. Evaporate the results 
ing solution nearly to dryness on the water bath and repeat the basic 
acetate precipitation exactly as before. Dissolve the filtered and 
washed precipitate in hydrochloric acid and separate the iron from 
aluminum according to p. 168. To the combined filtrates from the 
basic acetate precipitation, add 10-20 ml of concentrated hydrochloric 
acid to prevent the precipitation of hydrated manganese dioxide, evap- 
orate almost to dryness, dilute with a little water, precipitate man- 
ganese, nickel, cobalt, and zinc by ammonium sulfide as described on 
p. 203, and analyze according to p. 215. 

Remark. THg procedure requires practice. It is especially suited for the sepa- 
ration of iron and titanium from the protoxides; the separation is usually less satis- 
factory with aluminum, and so if considerable amounts of the latter are present, 
the barium carbonate separation is to be preferred. If it is merely a case of the 

Separation of Iron from Manganese 

the following modifications of the basic acetate process give satisfactory separations 
with only one precipitation. 


O. Brunck’s Method^ 

To the acid solution, containing not more than 0.3 g of iron, add 
0.35 g of potassium chloride or 0.26 g ammonium chloride for each 
0.1 g of iron present. Evaporate the solution to dryness on the water 
bath, break up the residue by pressure with a glass rod, and heat 5 or 10 
minutes longer. By this time practically all the mineral acid is expelled. 
Dissolve the residual salts in 10-20 ml of water, and to the resulting 

* Chem. Ztg., 1904, 1, 513. Cf. W. Funk, Z. anal Chem., 46, 181 (1906). 
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solution add 1.5 g of sodium acetate for each 0.1 g of iron present.* 
Dilute the solution with boiling water to a volume of 400-500 ml for 
each 0.2 g of iron present; heat, with constant stirring, until boiling 
beginsi then remove the flame and allow the precipitate to settle. 
Decant off the solution through a fluted filter and wash the precipitate 
with hot water. Dissolve the precipitate in as little hydrochloric acid 
as possible, precipitate the iron by ammonia, filter, dry, and ignite as 
described on p. 153. Make the filtrates from the basic acetate precipita- 
tion, or better the combined filtrates from both precipitations,^ acid 
with hydrochloric acid, evaporate nearly to dryness, dissolve the 
deposited salts in a little w'ater, precipitate manganese, nickel, cobalt, 
and zinc with ammonium sulfide according to the directions on p. 205, 
and separate according to p. 215. 

Separation of Iron and aluminum from Manganese, 
Nickel, Cobalt, and Zinc 

(a) Sodium Succinate Method 

This method, applicable for the separation of large quantities of iron from srnall 
quantities of manganese, nickel, etc., is based upon the fact that ferric iron is pre- 
cipitated quantitatively from neutral solutions as light brown ferric succinate by 
the addition of neutral alkali succinate solution, whereas manganese, nickel, etc., 
remain in solution. 

Procedure, If the solution contains free acid and all the iron is in 
the ferric form, neutralize with ammonia until a reddish browTi colora- 
tion appears, then add sodium or ammonium acetate until the color 
becomes a deep brown. Dilute the solution to at least 200 ml for each 
0.1 g of iron present and add 3 g of sodium succinate dissolved in a little 
water. Heat nearly to boiling, filter, and wash at first with cold water, 
then with warm normal ammonium hydroxide solution, until 20 drops 
of the filtrate leave no residue when evaporated to dryness on platinum. 
By means of the washing wdth ammonia, the ferric succinate is changed 
to ferric hydroxide. Ignite and weigh as ferric oxide in a porcelain 
crucible. If aluminum is present, analyze the ignited residue as de- 
scribed on p. 169 The bivalent metals in the filtrate are best precipi- 

^ The eodiutn acetate crystals sometiraes contain sodium carbonate; they should 
be dissolved in a little water and the solution made barely acid with acetic acid 
before adding it to the iron solution 

» To the ammoniacal filtrate from the Fe(OH), precipitate, add 6 ml of concen- 
trated hydrochloric acid before adding the solution to the filtrate from the basic 
acetate precipitation; otherwise manganese is likely to be precipitated when the 
two filtrates are mired 
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tated by the addition of ammonium sulfide and analyzed as described 
on p. 215. 

(b) Separation by Ammonia and Ammonium Chloride^ 

To the acid solution containing 5 g of ammonium chloride and not 
more than 0.2 g of iron and aluminum cations in 200 ml of solution, 
add a few drops of a 0.2 per cent solution of methyl red in alcohol and 
heat just to boiling. Carefully add normal ammonium hydroxide 
solution, drop by drop, until the color of the solution changes to a dis- 
tinct yellow. Boil 2 minutes and filter promptly. Wash with hot 
2 per cent ammonium nitrate solution until free from chloride. The 
precipitate contains Fe(OH) 3 , Al(OH)3, TiCOH)4, and Zr(OH)4if the 
corresponding elements are present. 

As good a separation of iron and aluminum from manganese is accom- 
plished in this way as by a single basic acetate precipitation. It is advis- 
able to dissolve the precipitate and repeat the precipitation when the 
precipitate upon ignition is likely to weigh more than 0.1 g or when a 
9-cm filter is more than half full of the precipitate. 

Remark. Lundell and Knowl^ showed that iron and aluminum can be separated 
from manganese and nickel as satisfactorily by this method of precipitation, which 
is the same as that recommended by Blum for precipitating aluminum, as by the 
basic acetate or barium carbonate methods. Phosphoric and vanadic acids follow 
the iron and aluminum and do not affect the separation if sufficient iron and aluminum 
are present. If more phosphoric acid or vanadic acid is present than is equivalent 
to the iron and alununum, the separation fails as does that of the basic acetate or 
barium carbonate procedure. Under the above conditions, some cobalt, copper, and 
zinc will precipitate if present, but a fair separation is effected then by increasing the 
ammonium chloride content. An excess of both ammonia and ammonium chloride 
gives better results in the separation of iron from copper and zinc, but the precipita- 
tion of the aluminum is then less complete 

(c) Separation by Cupferron 

The use of cupferron as precipitant for Fe, Cu, Zr, Ti, etc., has already been 
mentioned fpp. 154, 177). Here four more procedures will be descnbed to illustrate 
the use of this reagent. 

i. Delermination of Iron in Manganese Ores 

Principle. After effecting the solution of the ore, the iron is precipitated in acid 
solution by cupferron. The filtrate then contains all the aluminum, chromium, 
manganese, nickel, cobalt, zinc, and alkaline earths. After the removal of any of 
these elements that may be present, by U’ashing the precipitate with cold water, 
the organic matter is removed and the iron converted into ferric hydroxide by wash- 
ing the precipitate with ammonia. The precipitate is ignited and weighed as FejOj. 


* Ltmdell and Knowles, J. Am. Chem. Soc., 46, 67G (1923). 
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Procedure. Dissolve about I g of the finely pulverized ore in con- 
centrated hydrochloric acid, and evaporate the solution to dryness. 
Moisten the residue u*ith strong hydrochloric acid, dilute with water, 
boil, and filter. Fuse the residue with sodium carbonate in a covered 
platinum crucible, and after the fusion, dissolve the melt in water and 
dilute hydrochloric acid. Evaporate this solution to dryness, and 
after the removal of the silica in the usual manner, add the filtrate to 
the main solution. To the cold solution add 50 ml of cupferron reagent 
in a fine stream down the sides of the beaker, while stirring vigorously. 
A brownish red, partly amorphous and partly crj’stallinc precipitate 
of the ferric salt separates out. As soon as a drop of the reagent causes 
the formation of a snow-white precipitate of nitrosophcnylhydroxyl- 
amine, all the iron is precipitated. Add a slight excess of the reagent 
and allow the solution to stand about 10 minutes. Filter through an 
ashloss paper, using gentle suction. If the last particles of the pre- 
cipitate cling tenaciously to the beaker, add a little ether to loosen 
them and remove the other by adding a little boiling water. Wash 
the precipitate with cold water until tlie washings arc no longer acid 
to litmus and then with 0 N ammonia to remove the excess of the reagent 
and form ferric hydroxide. Finally wash the filter once more with cold 
water. Ignite tlie precipitate and weigh as FczOs. 

2. Determination of Manganese in Ferromanganese 

Dissolve about 1 g of the material in strong hydrochloric acid and 
fuse the residue with sodium carbonate in a platinum crucible. Heat 
the melt with water and add alcohol to reduce the manganate to hydrated 
manganese dioxide. Filter, and dissolve the residue in hydrocliioric 
acid; add this solution to that obtained in the first place. Precipitate 
iron wth cupferron, as in the previous method, but do not odd the 
ammonia wa.<5hings to tlie solution. In the filtrate determine manganese 
a.s described on pp. 189 and 191. 

5. Determination of Xickcl and Cobalt in Arsenieal Sulfide Orcs^ 

Dissolve 1 g of tfic ore in 20 ml of a saturated solution of bromine 
in conccntratecl hydrochloric acid, and evaporate the solution somewhat 
to volatilize arsenic trichloride. Add 10 ml of 18 W sulfuric acid and 
evaporate the solution until dense fumes are evolved. Dilute to 500 ml 
heat to boiling, and introduce hydrogen sulfide to precipitate the metals 
of the copper group and any remaining anionic. In the filtmte precipi- 
tate the iron by cupferron as in Method 1, and after evaporating the 

* II. NTwn«on, Z. anQor. Chem., 23, 963 (1010). 
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filtrate until fumes of sulfuric acid are evolved, determine the nickel 
and cobalt electrolytically according to pp.,194 and 197. 

4. Determination of Titanium and Its Separation from Iron, Aluminum, 
and Phosphoric Acid^ 

Principle. The iron may be reduced completely to ferrous salt by passiog hydro- 
gen sulfide into an acid solution, and then, in the presence of tartaric acid which 
prevents the precipitation of titanium, precipitated as ferrous sulfide in ammom- 
acal solution. After acidifying and boiling off the hydrogen sulfide, the titanium 
can be precipitated quantitatively by means of cupferron while the aluminum and 
phosphoric acid remain in the tartaric acid solution. It is unnecessary to remove 
the organic matter before igniting tbe yellow titanium precipitate. 

Procedure. To the solution, which should have a volume not greater 
’than 100 ml, add at least four times as much tartaric acid as corresponds 
to the weight of the oxides of iron, titanium, aluminum, and phosphorus. 
Neutralize with ammonia, add 3 ml of 18 N sulfuric acid, and introduce 
hydrogen sulfide until the solution becomes colorless. Unless all the 
iron is reduced, tbe subsequent precipitate of iron sulfide will contain 
some titanium. After the reduction of the iron is complete, add am- 
monium hydroxide in considerable ^ccss and precipitate the iron as 
ferrous sulfide by introducing more hydrogen sulfide gas; the solution 
should remain alkaline to litmus paper. Filter off the ferrous sulfide, 
and wash with water containing a little colorless ammomum sulfide. 
To the filtrate, add 40 ml of 18 N HjSOi and expel the liberated hydro- 
gen sulfide by boiling. When this is accomplished, cool the solution to 
room temperature, dilute to 400 ml, and treat with an excess of 6 per cent 
cupferron solution, added slowly down the sides of the beaker while the 
solution is being well stirred. After the precipitate has subsided, test 
the supernatant hquid by adding more of the cupferron solution. A 
white precipitate of nitrosophenylbydmxylamine indicates that an 
excess of the reagent is present, but a yellow turbidity shows that tbe 
precipitation of the titanium is incomplete. It is also well to test the 
filtrate in the same way. Collect the titanium precipitate on filter 
paper, using gentle suction, and wash 20 times with normal hydrochloric 
acid solution. Ignite very cautiously in a platinum or quartz crucible 
until the organic matter is ail consumed. Finally, beat to constant 
weight over a M€ker burner and wei^ as TiOg. 

Other Determinations with Cupferron 

Zirconium can be precipitated quantitatively from eolutions containing as much 
as 40 per cent of concentrated sulfuric add by volume, and the presence of tartanc 


* W. M. Thornton, Jr., Am. J. Sciaux, 37, 407 (1914); 
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acid has no effect upon the precipitation. The ignited precipitate is ZrOj. Thorium, 
on the other hand, is not precipitated quwititatively in the presence of sulfuric acid 
but can be thrown down from acetic acid solutions. Vanadium, in either the quadri- 
valent or quinquevalent condition, can be determined quantitatively by precipitation 
in 1 per cent hydrochloric or sulfuric add solution provided that the precipitate is 
washed with 1 per cent acid containing cupferron Tantalum and columbium are also 
precipitated. 

Lead, silver, mercury, tin, bismuth, cerium, and tungsten, interfere more or less , 
with cupferron determinations and are likely to precipitate to some extent in most 
of the methods that have been described 


Separation of the Bivalent Metals of the Ammonium 
SULFIDE Group from One Another 

Separation of Zinc from Nickel, Cobalt, and Manganese 

Most methods for this separation depend upon the slight solubility of zinc sulfide 
and the greater solubility of the other sulfides* in their state of formation. 

It was shown in Vol. I that the solubility products of ZnS, NiS, CoS, FeS, FejSj, 
and MnS are all so small that these substances are precipitated quantitatively when- 
ever the corresponding cations como in contact with any appreciable concentration 
of sulfide ions, as by adding a solution of ammonium sulfide. It was also shown in 
Vol. I that hydrogen sulfide is a weak acid and only slightly ionized. By adding 
acid, the concentration of the sulfide ion diminishes in proportion to the square 
of the concentration of hydrogen ions. Thus, if to an aqueous solution of hydrogen 
sulfide, enough acid is added to increase the hydre^en-ion concentration tenfold, the 
concentration of the sulfide ion is diminished to about one one-hundredth of its 
former value 

In a liter of water saturated with hydrogen sulfide at 26®, there is present about 
0.1 mole of undissociated hydrogen sulfide, 09 X 10“* mole of hydrogen ion, and 
only 1.2 X 10"** mole of sulfide ion. In the saturated solution the relation 
(II+l* X IS“"] » 1 1 X 10““ always holds at 25®, according to theory, and, there- 
fore, it is easy to fix the concentration of the sulfide ion by regulating the concen- 
tration of the hydrogen ion 

Thus, to take a concrete case, suppose a solution to contain 0.2 g of zinc ions and 
0 2 g of ferrous ions in 400 ml of solution What concentration of hydrogen ions is 
necessary to effect a quantitative separation of zinc and iron by hydrogen sulfide? 
Let US assume that the separation can be called quantitative when all but about 
0.5 mg of zinc is precipitated and not over 0.5 mg of iron 

The solubility product of zinc sulfide is given in Vol. I as 1 2 X 10“** and that of 

ferrous sulfide as 1.5 X 10"**. Now 0.5 mg of Zn in 400 ml = ^ X = 

65 4 400 

1.9 X 10"* mole per liter. To reach the solubility product of ZnS it is necessary 
1 2 X 10“« 

to have — — = 6.3 X 10 ** mole per liter of S~" ions. 


* Nickel and cobalt sulfides when once formed are insoluble in dilute acids. These 

substances probably exist in two aUotropic modifications, of which one is soluble 
and the other insoluble. The soluble form has never been isolated. 
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The ionization of hydrogen sulfide in a saturated solution is repressed to this value 
1 1 X 10~*® 

when [H+l* = ^'3 x" io -i9 “ ^ [H+1 = 4 X lO"* mole per liter. A 

similar computation for FeS shows that the concentration of H"*" ions required to 
prevent the precipitation of 0.2 g of Fe is about 8 X 10“* mole per liter. Therefore, 
to separate 0.2 g of Fe completely from 0.2 g of Zn in 400 ml of solution it is necessary 
to keep the concentration of the acid between 8 X 10”< and 4 X 10“* mole per liter 
or, in other words, the solution must be kept between O.OOOS and 0 004 normal in 
hydrogen ions. 

The values for the solubility products given in Vol. I are not accurate enough to 
predict with certainty whether a definite separation wUl be accomplished satis- 
factorily but they indicate the possibility of such separations. The above compu- 
tation, therefore, suggests the possibility of separating zinc from iron by means of 
hydrogen sulfide, and it has been found possible to accomplish this in the laboratory. 

To reach the desired concentration of hydrogen ions it is not pennisable merely 
to add just the right quantity of a mineral acid at the start. During the precipi- 
tation of ZnS more hydrogen ions are formed as the following equation shows: 

2n++ -t- H,S =« ZoS + 2H+ 

It is necessary, therefore, to make sure that the acidity is correct when all the zinc 
is precipitated. This is more important than the acid concentration at, the start, 
for when hydrogen sulfide is passed into a solution, the least soluble sulfide forms 
first; and if at one part of the solution a more soluble sulfide forms, it will itself 
precipitate another less soluble sulfide when it meets the other ion in another part 
of the solution. 

Experimentally, it has been found possible to separate zinc as sulfide 
from very dilute hydrochloric acid solution after the addition of alkali 
acetate, and also from a solution containing dilute hydrochloric acid 
and a large quantity of ammonium salt. In the latter case it is prob- 
able that the ammonium salt exerts a salting-out effect ” and pre- 
cipitates colloidal zinc sulfide, making the solubility product smaller 
than it apparently is in pure water. 

Method of Cl. Zimmermann^ 

Procedure. Treat the slightly acid solution with sodium carbonate 
solution until a permanent precipitate is formed and redissolve by the 
addition of a few drops of 2 iV hydrochloric acid; then for every 80 ml 
of the solution add 10, or at the most 15, drops of 2 hydrochloric 
acid- and 10 ml of 20 per cent ammonium thiocyanate solution. Now 
heat the solution to about 70® C and saturate with hydrogen sulfide. 


1 Ann. Chem. Pkarm., 199, 3 (1879); 204, 226 (1880). 

* The addition of hydrochloric acid is alwaj^ necessary, because otherwise nickel 
sulfide will be precipitated with the zinc sulfide, especially when considerable nickel 
and little zinc are present. 
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At first the solution becomes onlj* sfightly turbid,^ but after some time 
pure white zinc sulfide is thrown down in clouds, constantly becoming 
denser. After the solution has become saturated mth hydrogen sulfide, 
cover the beaker and allow it to stand in a warm place until the precipi- 
tate has settled and the upper liquid is clear. Then filter and wash the 
precipitate with 2 per cent NHiCNS solution which is saturated with 
HsS. Weigh cither as ZnO or ZnS as described on pp. 201 and 203. 

From the filtrate nickel, cobalt, and manganese are precipitated by 
means of ammonium sulfide, filtered and separated according to the 
followng methods. 

Separation of Manganese from Nickel and Cobalt 

Treat the solution of the chlorides or sulfates with an excess of sodium 
carbonate, add a liberal excess of acetic acid, and, for each gram of 
nickel or cobalt present, introduce 5 g of ammonium acetate. Dilute 
the solution to 100-200 ml, heat to 70-80® C, saturate with liydrogen 
sulfide, filter, and wash \rith hot water. The manganese is in the fil- 
trate, and the nickel and cobalt arc in the precipitate. 

Remark. Tlic filtrate often contains small amounts of nickel and cobalt. In 
order to remove these metals, the solution should be evaporated and colorless ammo- 
nium sulfide added Then make sliphtly acid with acetic acid, warm, and filter. In 
case a precipitate of nickel or cobalt sulfides is formed by this treatment, test the 
filtrate in the same way again and repc-at the process until no further precipitation is 
produced. 

Separation of Cobalt from Nickel 
(a) Method of Tscbugaeff-Brunck* 

Tliis method is probably the quickcH and most accurate for the estimation of 
nirkej in the presence of cobalt. It depends upon the fact that nickel is quanti- 
t.iti\ely precipitated, by means of dimctliyI|;lyoxime, from a barely ammonincal 
solution Of from a slightly acid solution containing sodium acetate Cobalt under 
tlio'-c conditions, is not precipit.atc*d (See p. ItCl ) If more cobalt than nickel is 
pn-sent, 1150 two or three times the lisiwl \olumc of reagent. To determine both 
nickel and cobalt, divide the solution into l«o aliquot parts; determine the nickel 


’ Tlicre arc at the start hut few zinc ions in the solution. Tlic four mct.als arc 
present for the ino«t part in the form of complex thiocyanates of the general formtih 
(NIl»)j!lt(CNS),). The zinc salt, like camallitc (see Vol. I), is slightly dissociated 
(NII.),[Zn(CNS)d Zn(CNS), + 2NII,CNS 
and the zinc thiocyanate is ron\rrtrsl into insoluble sulfide by the action of hydrogen 
sulfide Wien the zinc l>cgins to prrcipilate as sulfide, the equilibrium is disturlicd 
ami CM ntinally nil the zinc l»ocomes prwipit.atcd 
*0 Ilruncls /f a7ige\r. Chem , 1007 ISIS 
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in one portion with dimethylglyoxime, and in the other portion determine nickel 
and cobalt together by the electrolytic method (p. 196). 

(b) The Potassitim Nitrite Method of N. W. Fischer^ 

Brund^s Modification^ 

Evaporate the solution containing an excess of acid to dryness in a 
porcelain dish and treat the residue with 1 or 2 drops of 2 iV^ hydro- 
chloric acid and 5-10 ml of water. Add pure caustic potash solution, 
drop by drop, until the reaction is barely alkaline. Dissolve the result- 
ing precipitate in as little glacial acetic acid as possible; add half of 
the solution’s volume of 50 per cent potassium nitrite solution and 
10 drops more of acetic add. Stir the mixture well and allow it to 
stand 24 hours. At the end of this time the precipitation is almost 
always complete. This should be proved, however, by removing a little 
of the undiluted solution with a pipet, adding to it a little more potas- 
sium nitrite solution, and allowing to stand a little longer. If at the 
end of an hour no further precipitation results, then all the cobalt has 
been precipitated. If a precipitate is formed, add more potassium 
nitrite to the main solution and again allow to stand. Decant off the 
clear liquid through a filter, transfer the residue to the filter, and wash 
with a 10 per cent potassium acetate solution until 1 ml of the filtrate 
on being acidified with acetic acid and boiled with 1 ml of a 1 per cent 
solution of dimethylglyoxime will show no test for nickel. This is 
usually the case after washing 4 times. Transfer as much of the precipi- 
tate as possible to a small porcelain dish, cover with a watch glass, 
cautiously acidify with sulfuric acid, and heat on the water bath until 
no more brown vapors are evolved. Dissolve the small quantity of 
precipitate remaining on the filter by pouring hot, dilute sulfuric acid 
through the filter and add this acid to the main solution of the cobalt. 
After evaporating as far as posable on the water bath, continue heating 
on an air bath until dense vapors of sulfuric acid are evolved. After 
cooling, dissolve the residue in water and determine the cobalt electroly- 
tically, as described on p. 197. If it is not convenient to cany out an 
electrolysis, dissolve the nitrite precipitate in hydrochloric acid and 
determine the cobalt according to p. 198 (b). 

Remark* Tto method ^ves reliable results provided that the solution is free from 
alkaline earths. If not, the nickel and alkaline-earth metals are precipitated with 
the cobalt. (Cf. Vol. I.) 
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(c) Method of Ilinsky and von Knorre’ 

This method depends upon the fact that cobalt can be precipitated as purple-red 
(CioH.O(NO)IjCo by treatment with o-nitroso-^-naphthol in hydrochloric acid 
solution. Nickel is not precipitated under these conditions. 

Procedure. In one portion determine the cobalt as described on 
p, 199 and in another determine the nickel wth dimctbylglyoximc 
(p. 193). 

Separation of Nickel from Zinc. Method of Tschugaeff-Brunck^ 

Treat the solution t\’ith ammonium chloride, and add enough am- 
monia to make slightly ammoniacal; no precipitate will be formed if 
sufficient ammonium chloride has been added. Make slightly acid 
with hydrochloric acid, heat to boiling, and precipitate the nickel with 
an alcoholic 1 per cent dimcthj'Iglyoximc solution exactly as outlined 
on p, 193. 

In the filtrate, it is best to precipitate the zinc as sulfide by acidifjing 
with acetic acid and saturating the hot solution uith hydrogen sulfido 
(cf. p. 203). 

Remark. \Vlicn considomble tine is present it is necessary to add more dimothyl- 
gl>oximo to precipitate the nickel. 

Separation of Nickel from Manganese. Method of Tschugaeff-Brunck- 

Carry’ out the analysis c.xactly as described above except that the 
final precipitation should take place in an acetic acid solution. Neu- 
tralize tlic greater part of any mineral acid present witli ammonia, treat 
the barcb’ acid solution wtli 1 per cent dimcthylglyoximc solution, and 
then, after the precipitate lia.s formed, add sodium acetate and continue 
tlie analj-.'iis according to p. 193. If the alkali acetate is added before 
tlic dimethylglyoxime, a very voluminous precipitate is formed which, 
to be sure, can be filtered with niction, but even then the filtration is 
ttxlious. Tim*?, when possible, it is best to add tlie sodium acetate aflcr 
t he <limethylgIyoximc. If, on the other liand, iron has been removed by 
a basic acetate separation and nickel and manganiw? are to be deter- 
mined in the filtrate, tlie precipitation must take place in a solution 
already eontnining .KMllum acetate. In the filtrate from the nickel 
dimelhytglyoMmo prcciiiitntion, precipitate the manganese with am- 
monium sulfide and determine n.s deserilxxl on p. ISO. 

• //fl-, 18 . cn (isw) 

<in^c Chfm, 1007, ISH 
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Separation of Nickel from Iron 

If the iron is present in the ferrous condition, oxidize it by boiling 
■with nitric acid. Then dilute to 300 ml, add 1-3 g of tartaric acid, 
and make the solution ammoniacal to find out whether enough tartaric 
acid has been added (the solution must remain perfectly clear). Make 
slightly acid with hydrochloric acid, precipitate the nickel with dimethyl- 
glyorime, carefully neutralize the arid with ammonia, and continue the 
analysis according to p. 193. 

Determination of Nickel in Steel* 

Procedure. Dissolve 0.5 of steel in 20 ml of 6 iV hydrochloric acid. 
To the resulting solution add 5 ml of concentrated nitric acid and boil 
2 nunutes to oridize iron. Dilute to 100 ml, and filter if there is any 
perceptible residue. Add 3 g of tartaric acid, and make the solution 
ammoniacal and then barely acid with acetic acid. Dilute to 300 ml, 
heat nearly to boiling, and treat with 20 ml of a 1 per cent alcoholic 
solution of dimethylglyoxime.* Finally make slightly ammoniacal, 
adding enough ammonia so that the solution barely smells of this 
reagent. Allow the solution to stand in a warm place for 15 minutes 
and then cool for half an hour or longer. Finally filter the solution 
through a Gooch or Munroc cniciblo, wash thoroughly with hot water, 
dry at 105® for 90 minutes, and weigh as Ni(C 4 H?N 502 )s. To the filtrate 
add 5 ml more of dimcthylglyoxime reagent and make sure that the 
solution is barely alkaline. There should be no further precipitation. 

By this method the nickel in a sample of steel can be determined within about 
2 hours. The results are accurate, but lower than those sometimes obtained in 
practice when the cobalt is determined with the nickel. The precipitate is too 
voluminous to handle easily when the solution contains more than 0.1 g of nickel. 

The above procedure has been found to give excellent results with students over a 
period of about 25 years. The sample analyzed should not contain more than about 
0.04 g of nickel. Good results, however, have been obtained with nearly pure nickel 
when the HCI solution of 0 15 g of the metal was diluted to a definite volume, the 
solution mixed, and an aliquot of one-fifth taken for the precipitation. 

In nearly every set of directions given since 1907, emphasis is placed on avoiding 
excess of the reagent because of the solubility of the precipitate in alcohol. As a 
matter of fact, however, the principal difficulty caused by the use of too much 
reagent is the precipitation of white needles of dimcthylglyoxime itself; the reagent 

^ O. Brunck, Stahl und Eisen, 28, 331. 

* The volume of the alcoholic solution should never be more than half that of the 
nickel solution, as the precipitate is slightly soluble in alcohol. About 0.4 g of the 
glyoxime should be used for each 0.1 g of nickel. A deep red color in the solution 
shows that ferrous iron is present. 
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13 much less soluble in water than in alcohoL The deposited crystals of dimethyl- 
glyoxime can be dissolved by washing with hot, dilute ammonia solution. Washing 
the precipitate with a little hot 50 per cent aJcohol has been found to be more efficient, 
and by this treatment but very little of the nickel precipitate is dissolved. 

It has been thought that the electrolytic determination of nickel is more accurate, 
and some directions call for dissolving the dimethylglyovime precipitate in acid, 
destroying the organic matter by adding HNOj and evaporating with HjSO<, and 
finally depositing the nickel electcolytically from a strongly ammoniacal solution. A 
skilful analyst can obtain good results in this way, but for students, direct weighing 
of the precipitate of nickel dimethylglyoxime is better. 

Some chemists prefer to titrate the nickel. Wash the nickel dimethylglyoxime 
precipitate on a paper filter mth 3 portions of cold water, dissolve it in 6 N HNO 3 , 
and wash the filter with hot water. Boil the solution 2 minutes, cool, add 5 ml of a 
solution containing 1 g citric acid, 1.35 g (NHdsSOj, and 1 ml of concentrated 
flTnmfinia. Neutralize and titrate as described in Chapter XVII. 


Removal of Ferric Chloride by Ether. Method of Rothe^ 

The fact that ferric chloride dissolved in hydrochloric add, d 1.1, 
is more soluble in ether than in this add, is often taken advantage of in 
the determination of metals such as nickel, manganese, cobalt, copper, 
aluminum, titanium, vanadium, and chromium in samples of steel. 
It has also been used for the determination of sulfur in steel after oxida- 
tion to sulfuric add, which docs not di^lve in the ether. The under- 
Ijnng principle is the same as that governing the distribution of iodine 
between water and carbon disulfide (sec Vol. I). An example of such a 
process is the detennination of titanium by the method of Bameby and 
Isham (p. 178). Beryllium chloride and molybdic acid follow the ferric 
chloride and dissolve in the ether. 

The Use of Tannin in Quantitative Analysis 

General Principles, The name (anntn has been given to a widely disseminated 
group of organic substances that are capable of converting raw animal hides into 
leather. Common tannin, or gallotannic acid, CiJIioOj2H80, is obtained from 
gall nuts. It h.'is an astringent taste and the character of a weak acid. Its aqueous 
solution IS really a colloidal su«pension of negatively charged particles and 'will form 
precipitates, or gels, with positively charged suspensions of certain inorganic com- 
pounds by reciprocal flocculation (sec Vol. I). The resulting adsorption complexes 
arc voluminous and characteristic precipitates which filter well; upon ignition they 
j-idd oxide of a metal in a wcighable form. 

Tannm as a reagent in quantitative analysis was recommended by Powell and 
Schocllcr for separating tantalum from columbium,* and the use of this reagent 
was extended by them and their collaborators to the determination of other elo- 

» Z anal Chem., 1901, SOO. 

50, 4S5 (1925). 
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roents (Ti, Zr, Tb, Al, U, and W).* Subsequently Moser and his students studied 
the use of tannin in the analytical chemistry of beryllium and of gallium.* 

The importance of tannin as a predpitant for aluminum, zirconium, hafnium, 
thorium, uranium, titanium, columbium, and tantalum is due to the following facts. 
(1) Under proper conditions the predpitates can be formed from tartrate solutions, 
which is not the case with respect to the precipitation of the hydroxides by ammonia 
(cf. p. 168). Tannin is a general predpitant for the above elements (formerly called 
earths) just as hydrogen sulhde is for the heavy metals. (2) In an oxalate solution, a 
separation into two classes can he made just as with ammonium polysulfide in the 
analysis of sulfides Here also one of the groups represents osades which are acid 
in nature (TaiQi, ChiOs, TiOi), and the other group oxides which are mote bas,ic 
(ZrOj, HfOi, ThOi, AliO», BeO, UOj, CriOj, etc.), (3) The colored tannin pre- 
cipitates are characteristic just as arc the colored sulfides. (4) With the aid of 
tannin, excellent separations can be made of (a) tantalum from columbium in all 
proportions and (b) small quantities of tantalum and columbium from larger quanti- 
ties of titanium. 

Reagent. Use a freshly prepared 2 to 5 jxir cent solution of W^-grade, com- 
mercial gallotannic acid (tannin) in boiling-hot distilled water. The tannin, should 
be practically aah-frce. It is also called digallic acid. 

The following eight procedures illustrate the use of tannin in quantitative aoalyas. 

1, Precipitation of Aluminum, Zirconium, Thorium, Uranium, 
Titanium, Columbium, and Tantalum from Tartrate Solution* 

Fuse 0.25 g or less ol the oxides in a silica crucible with 3 to 4 g o! 
potassium bisulfate (cf. p. 174). Dissolve the cold, fused mass in a 
strong solution containing 3 g of tartaric acid. Repeat the fusion if 
necessary. Into 200 ml of the add tartrate solution thus obtained, 
introduce hydrogen sulfide and add 10 g of NH4CI and 10 g of ammonium 
acetate. Allow the solution to stand for some time in a warm place 
after saturating with hydrogen sulfide, to allow iron sulfide to flocculate. 
Filter, wash the precipitate with water containing a little ammonium 
sulfide and chloride. Boil the filtrate to decompose the ammonium 
sulfide present and add acetic acid dropwise until the 300 to 500 ml of 
solution is faintly acid. Heat to boiling, and while boiling introduce 
tannin solution (1 to 3 g of tannin). Keep the solution on a covered 
water bath for an hour and filter, vdth the aid of gentle suction, through 
an 11-cm washed filter supported on a filtering cone. Before the pre- 
cipitate becomes compressed and furrowed by suction, rinse it back to 
the original beaker with a liberal stream of wash liquor (2 per cent 
NH4CI solution containing a little tannin). Chum up the precipitate 
Avith some ashless filter pulp (p. 151), return to the filter, wash thor- 


* Ibid., B2, 504 (1927); 64, 709 (1020); Bt, 550 (1932); 68, 143 (1933). 

* MonaUh., 48, 113, 673 (1927); 60, 181 (1928); 61, 181, 325 (1929). 

* Scboeller and Webb, Analyst, 64, 709 (1929). 
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oughly with the wash liquor, and use a rubber policeman and a little 
paper pulp to remove the last traces of precipitate from the walls of the 
beaker. 

If the precipitate is not very bulky, the use of suction is unnecessary. 

Dry the washed precipitate in a crucible placed on an asbestos mat 
until the paper is well charred (cf. p. 40), and then ignite with the 
crucible on a triangle. Cool the crucible, cover with a watch glass, and 
half fill it with 0.5 N HCl. Heat half an hour on the steam bath, make 
the resulting solution alkaline to methyl red by adding ammonia, filter, 
wash with 2 per cent ammonium nitrate solution, and ignite to constant 
w'eight of oxides. 

The leaching of the precipitate after the first ignition insures the complete removal 
of alkali salts and of sulfate; this is difficult to effect with bulky precipitates. 

The filtrate from the tannm precipitate should be tested for complete precipita- 
tion as follows: Heat to boiling, treat with 0.6 g of tannin, and make feebly ammoni- 
acal. This causes the formation of a discolored precipitate, which should be soluble 
on slight rc-acidification, leaving only small dark flocks of organic matter. If not, 
the additional precipitate must be collected, washed, and added to the main pre- 
cipitate. 

The tannin complexes of Al, Zr, and Th arc colorless; those of Ti and Cb, rod; 
those of W and U, brown; and the Ta precipitate, yellow. Ferric salts give a pre- 
cipitate of an intense purplish black color. The above procedure provides for the 
removal of iron as sulfide Tungsten interferes because, although it is not precipi- 
tated alone by tannin from tartrate or oxalate solutions, it is adsorbed to a consider- 
able extent by the other precipitates. 

2 . Separation of lion from Aluminum^ 

The above method is a rcliablc and convenient means for separating 
iron from less than 0.05 g of alumina. The alumina-tannin complex is 
too bulky to handle when larger quantities of alumina are present, and 
in such cases an aliquot part of the solution should be taken. The 
weight of tatmin used should be at least 20 times that of the AI 2 O 3 
obtained by igniting the tannin precipitate; at least 0.5 g of tannin 
should always be used. 

3. Separation of the Acid Tannin Group (TiOz, TajO^, CbsOg) from the 
Basic Tannin Group (AUOj.ZrOj, ThOj, UO3, BeO)* 

Principle. The members of the “ add tannin group " arc precipitated as tannin 
complexes in a feebly acid oxalate solution vihich is half-saturated with ammo- 
mum chloride; the members of the bade tannin group are not precipitated unless 


* Schoellcr and Webb, toe. eil. 

* Schoellcr and Powell, Analyst, 67, 650 (1032). 
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mmonia is added. The process gives a dean-cat separation of any one or all of 
he members of one group from one or more membere of the other. 

Procedure. Fuse the mixed ojddes (up to 0 25 g) with potassium acid sulfate as 
1 the first procedure. Dissolve the cdd, fused mass in. 75 to 100 ml of saturated 
mmonium oxalate solution. To the boilmg solution add N NH4OH until a faint 
loudiness forms, and at once dissolve this in as little HCI as possible; the solution 
hould now be acid to litmus. Add an equal volume of saturated NH4CI solution 
nd continue boiling while introducing dropwise a fresh 4 per cent solution of tannin. 
?he quantity of tannin \ised should be 10 to 12 times the weight of “ acid oxides ” 
■resent. 

Allow the tannin precipitate to stand on a hot plate for an hour before filtering. 
'Uter the precipitate as directed on p. 222 in Method 1, but this time use as wash 
quor a solution contjuning 5 per cent NH 4 CI and 1 per cent (NH 4 ):CjOi. Ignite 
he washed precipitate in a tared porcelain crucible. 

Always test the filtrate for complete precipitation as follows; Heat to boiling, 
eutralize with N NH4OH, and treat with tannin dropwise until a slight precipitate 
3 formed. If this is grayish or brownish gray, and soluble on slight acidification, 
he precipitation of the “ acid group ” is complete; if yellow or pale orange in color, 
ome of the “ acid group ” remains. In this cose, add tannin under the conditions 
iven above and add the new precipitate to that previously obtained. 

To test the weighed precipitate of " acid oxides ” for members of the “ basic " 
roup, repeat the entire procedure using the same quantity of tannin as in the first 
asa The weight of the new precipitate should be substantially the same as that 
btained in the first place. Leach these oxides with 0.5 N HCI and continue as 
1 ^lethod 1, finally obtaining a weight of purified oxides. 

Then, to determine oxides of the “ basic ” group, take the combined filtrates from 
be tannin precipitations, add more tannin to the boiling solution and a moderate 
xcess of ammonia. Filter off the tannin precipitate, wash it with 2 per cent NH 4 CI 
olution, and ignite to constant weight of oxides. This weight is usually somewhat 
ligh owing to a little SiOj from the vessels used in the analysis or from the reagents. 
?o correct for this, fuse with KHSO4, dissolve the melt in 0.5 N HjSOi, filter off the 
asoluble residue, ignite, and call it SiOj. Make a corresponding reduction from the 
reight of the “ basic ” oxides. 

4. Separation of Tantalum from Columbium' 

Principle. Tantalum and columbium are precipitated completely from an 
•xalate solution on adding an excess of tannin solution and neutralizing with ammonia 
see section 3); by properly regulating the quanUties of reagents, it is possible to 
accomplish a quantitative separation of these two elements Tantalum requires 
ess tannin than columbium does and the precipitate forms in a more acid solution, 
rhe tantalum complex is yellow and the columbium complex is red; coprecipitation 
)f the columbium vith tantalum js indicated by the orange-yellow to orange-red 
:olor of the tannin precipitate. The progress of the precipitation, therefore, can be 
rontroUed by watching the color of the precipitate. It is impossible, however, to 
jffect a quantitative separation by means of a an^e precipitation if less tantalum 
ban columbium is present. 


SchoeUer, Analyst, 67, 750 (1932). 
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Schocller has devised a scheme of analysis which furnishes (1) a yellow tannin 
precipitate containing tantalum and no columbium, (2) an orange to red precipitate 
containing both tantalum and columbium, and (3) a filtrate^ containing columbium 
and no ta ntnlum. A complete separation is accomplished by systematic retreatment 
of the orange to red precipitate whereby three fractions are obtained again, the 
middle fraction is fractionated, and the process repeated until finally all the tantalum 
is obtained in the form of a yellow tannin precipitate. The actual working out of 
the method involves directions which are too lengthy to be given here; the original 
paper should be consulted for details. 

6. Separation of Small Quantities of Tantalum and Columbium 
from Titanium' 

Principle. Titanium oxide is amphoteric and forms a sulfate, whereas the earth 
acids, TajOj and CbsOj, do not. A solution of tannin in dilute sulfuric acid, placed 
in contact with the product formed by furing 'HOt, TajOs, and CbjOi with KHSOi, 
dissolves TifSOi)*, leaving behind the TajO* and CbiOs- If tannin is not present, 
all three oxides dissolve in the sulfuric acid. 

Procedure, Fuse 0.1 to 0.25 g of tbo mixed oxides tvith 2 to 3 g of 
KHSO 4 in a silica crucible and make the melt solidify around the sides 
of the crucible. Pour some of the hot reagent (1 per cent tannin in 
1.8 iV H 2 SO 4 ) into the crucible and heat gently until the melt becomes 
detached. Transfer the contents of the crucible to a small beaker, 
rinse out the crucible with more of the hot reagent, heat the liquid just 
to boiling, and then, without further heating, allow the mixture to stand 
for some hours or over night. Filter, wash the residue with 0.5 N H 2 S 04 
containing a little tannin, ignite, and weigh the residual TajOs and 
CbtO^.^ 

If the weighed oxides are again fused with a small amount of KHSO4 and the melt 
dissolved m a little tartaric acid solution, then on boiling uuth one-quarter the liquid’s 
volume of concentrated sulfuric acid, a characteristic white precipitate of earth acids 
will be obtamed (cf. Vol. I) 

The above process is very simple and rapid but not suitable for the separation of 
large quantities of earth acids from titania In such cases recourse must be had to 
the oxalate-salicylate method.* In principle, this method consists in dissolving 
the bisulfate melt of the mixed oxides in ammonium oxalate solution and adding an 
excess of sodium sabcylate, whereby the titanium is converted into soluble, orange- 
colored sodium titanylsahcylate. The solution is then precipitated with excess 
of calcium chloride, the precipitated calcium oxalate carrying down the insoluble 
salicylic complexes of the earth adds 


*Schoeller, Analyst, 64, 453 (1934). 

* If the proportion of titania in the mixed oxides is very high, the pentoxides 
should be retreated. 

* Schocller and Jahn, Analyst, 67, 72 (1932). 
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6 . Detennination. of Small Quantities of Tungstic Acid^ 

Principle. When a dilute solution of soctium tun^tate containing sodium or 
ammonium chloride is treated with tannin, and acidified, the tungstic acid is pre- 
cipitated as the brown tannin complex. A small part of the tungsten complex 
remains in colloidal suspension. Addition of the ^It'of an alkaloid such as cin- 
chonine produces a flocculent cinchonine tannin complex which acts as a collector 
of the colloidal tungsten precipitate. 

This method replaces the mercurous nitrate precipitation process; it solves the 
problem of the recovery of small quantities of tungstic acid from solution. It is 
also to be preferred to the cinchonine precipitation method, which gives low results 
in the presence of much alkali salt. 

Procedure. To 100-150 ml of slightly alkaline solution, such as is 
obtained after fusing with NajCOj and extracting with water, add dilute 
HCl until neutral to phenolphthalein and a fresh solution of 0.5 g 
tannin in a little water. Part of the tannin will form a white turbidity if 
much chloride is present. Now make acid to litmus paper, which will 
cause the brown WOa and tannin complex to appear. After a few 
minutes, heat to gentle boiling and add 10 ml of 2.5 per cent cinebonine 
solution. Boil 5 minutes longer, and let stand 0 hours or over night. 
Filter with the aid of filter-paper pulp and wash with a cold 6 per cent 
NH 4 CI solution containing a little tannin. Pay no attention to a white 
turbidity that may form in the filtrate. Ignite in a tared porcelain 
crucible, and weigh the residual WO3. 

7. Beryllium 

Beryllium belongs to a third tannin group, the members of which (Be, Mn, Ce, 
and Y) furnisb tannin complexes precipitated in the presence of an excess|of ammonia, 
and soluble in dilute acetic acid ’ 

Moser and List* base a separation of beryllium from a number of metals of Group 
III upon the solubility of its tannin complex in acetic acid. The solution is treated 
with hydrogen sulfide for the removal of heavy metals, and the filtrate is boiled 
with addition of bromine for the oxidation of ferrous iron. After neutralization 
with sodium carbonate, the solution is hydrolyzed in the presence of ammonium 
nitrite and methyl alcohol (p. 150). The precipitate, which contains beryllia and 
sesquioxides and dioxides of Group III, is dissolved in nitric acid. The solution is 
neutralized with ammonia, treated with ammonium acetate and nitrate, and acidified 
with acetic acid. Addition of tannin to the boiling solution precipitates Al, Cr, Fe, 
Ga, Ti, Zr, and V. Beryllium passes into the filtrate, from which it is recovered by 
tannin and an excess of ammonia, 


* Schoellcr and Jahn, ibid., 62, 504 (1927). 

» Schoeller and Webb, tbid., 69, 669 (1934). 
*Monalsh., 61, 181 (1929). 
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8. Gallium 

Moser and Brukl‘ found tannin to be the best and most sensitive precipitant for 
gallium. The boiling, weakly acid acetate solution containing 2 per cent of ammo- 
nium nitrate is treated drop by drop with 10 per cent tannin solution while stirring. 
At least 0.5 g of tannin should be added. The bulky precipitate is washed with hot 
water containing a little ammonium nitrate and acetic acid, and ignited to GaiOs. 
The procedure separates gallium from zinc, which is of practical importance because 
gallium occurs in iinc ores. The separation of gallium from aluminum is effected 
with cupferron.' 

Tungsten, W. At. Wt. 183.92 
Tungsten is determined as its trioxidc, WO 3 . 

If the tungsten is present as ammonium tungstate, as mercurous 
tungstate, or as tungstic acid, it can be changed by ignition in the air 
to yellow tungsten trioxidc. Care should be taken not to heat strongly 
or some of the tungstic acid will be lost by volatilization. The crucible 
should be uncovered, and tlie full heat of the burner should not be used. 
\\licn ignited over a Mdkcr burner in a covered platinum crucible, a 
slow volatilization of tungstic acid takes place. There is danger of some 
tungsten being reduced by ignition of ammonium tungstate. 

If the tungsten is present as alkali tungstate, the tungstic acid may bo 
precipitated as such, or by means of mercurous nitrate as mercurous 
tungstate;* by ignition tlic yellow trioxidc is obtained and weighed. 

Tlie most satisfactory way to determine tungsten is to weigh it as 
■\VOj after it has scp.aralcd out as tungstic acid by digestion with HCl 
or IINOj, finally in the presence of cinchonine. Precipitation as Hg 2 '\V 04 
followed by ignition to WO, is quantitative but other acids such as 
vanadic, chromic, and molybd'ic acids also form insoluble mercurous 
salts under similar conditions so that precipitation with HgNO, serves 
best as a group separation. 

Precipitation of Tungstic Acid 

Moisten the sample with 20 ml of concentrated hydrochloric acid, 
add 10 ml of concentrated nitric acid, and evaporate carcfviUy to 10 or 
15 ml. Km.sodow-n the cover glass and sides of the container with water 
niul dilute to about 150 ml. Add 5 ml of cinchonine hydrochloride 
solution (prcparc<l by dissolving 12.5 g of cinchonine in 100 ml of G N 
acid) and heat on the hot plate for 30 minutes or longer, stirring occasion- 
ally and keeping the temperature just below boiling. 

' , 60, IRI (102S). 

*/M.6l. 325 (1020). 

• Srt p 22G for n method u-ing tannin and rinchonine hydrochloride. 
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Allow the tungstic acid to settle and then decant the solution through 
a filter containing some pulp made by digesting ashless filter paper with 
acid. Wash the precipitate 3 times with the above cinciionine hydro- 
chloride solution diluted 100*fold. Transfer the precipitate to the fflter 
and continue washing till free from alkali salt. Ignite at a low tempera- 
ture in an open crucible and weigh the residual WO 3 . 

Remarks. It is difficult to predpitate tungstic acid by simple evaporation with 
acid. Sodium tungstate, NajW 04 , unites to some extent with free tungstic acid to 
form an acid tungstate, NaiW^Ou, and this is not easily decomposed by acids. By 
heating with ammonium hydroxide the acid tungstate can be converted back to 
normal tungstate, but on adding acid some more of the acid tungstate is likely to 
form. 

Cinchonine hydrochloride prevents the formation both of the acid tungstate and 
of colloidal solutions upon washing. During the ignition all the organic material is 
consumed so that the presence of cinchonine in the precipitate docs no harm. 

Tungstic acid is slowlj' volatilized by heating at a high temperature. The filter 
should be consumed at as low a temperature as possible and the beating stopped 
when the carbon is all gone. 

Precipitation of Tungsten as Benzidine Tungstate' 

If a neutral solution of sodium tungstate is treated with benzine 
hydrochloride, a white flocculcnt precipitate of benzidino tungstate is 
formed and the precipitate is insoluble in water containing benodino 
hydrochloride; when formed in the cold it is hard to filter and, on being 
washed with pure w’atcr, tends to run through the filter. If the precipi- 
tate is formed from a hot solution, however, it comes down in a more 
compact condition and after cooling’ can be easily filtered and washed 
without loss with water containing benzidine hydrochloride. The 
moist precipitate on being heated to 800® yields a residue of WO 3 . 

The precipitation can also take place satisfactorily from a cold solu- 
tion if, before adding the precipitant, a Uttle dilute sulfuric acid or alkali 
sulfate is added to the solution. In this case a mixture of crystalline 
benzidine sulfate and amorphous benzidine tungstate is formed which 
can be filtered after standing 5 minutes. The benzidine sulfate is 
entirely volatile, so that equally good results arc obtained by either of 
the above tvro procedures. 

If the tungsten is present as tungstate after fusing with sodium car- 
bonate, dissolve the melt in water, add a Uttle methyl orange to the clear 
solution, then hydrochloric acid until the pink color is obtained, and 

‘ G. V. Ivnorre, Ber., 38, 783 (1905) 

* Since benzidine tungstate is appreciably soluble in hot water contaming ben- 
zidine hydrochloride, it is always necessary to postpone the filtration until the 
solution IS cold 
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finally 10 ml of 0.1 N sulfuric acid. Benzidine hydrochloride gives a 
precipitate which can be filtered in 5 minutes. Wash with dilute benzi- 
dine hydrochloride until the evaporation of a few drops of the filtrate 
on platinum foil leaves no wcighablc residue. Ignite the moist precipi- 
tate as described above. 

Preparation of the Benzidine Solution 

Triturate 20 g of commercial benzidine in a mortar with water, 
wash into a beaker with about 400 ml of water, treat with 25 ml hydro- 
chloric acid (d 1.2), and heat until solution is complete and a broum 
liquid is formed. Filter and dilute to 1 1. Of this solution, 5.G ml is 
sufficient to precipitate 0.1 g of WOj. 

If the analysis is carried out in the presence of sulfuric acid, it is neces- 
sary to add at least 1 ml of the benzidine solution for 10 ml of 0.1 N 
sulfuric acid added. 


Preparation of the IFas/i Liquid 

Dilute 10 ml of the above solution with distilled water to a volume 
of 300 ml. 


Determination of Tungsten in Steel 

Modem alloy stcol.s often contain from 0.5 to 20 per cent of tungsten. 
It may bo prc.«cnt a.s WC or as FcjW. In mild steel, tungsten up to 1 
per cent has little effect upon tlic meclianical properties, but “ high- 
spcctl " steels containing 13-18 per cent tungsten, 2.5-5 per cent chro- 
muim, O.G-0.7 per cent carbon, and up to 1 per cent vanadium arc charac- 
tonzed by tlicir ability to bo worked at a .‘^peed 3 to 5 limes as great as 
that at which plain carbon steels can Ixj worked, and these high-speed 
steels ref.'iin their li.ardncss even at a red heat. The steel can he hardened 
at a white lieat wfiich would min a plain carlwn steel. Probably double 
carbitics of (> anti W arc formed in the steel and remain in it on rapid 
roohng and to Kime extent on slow* cooling. 

After thorouch oxid.'ition of a s.amplc of steel by treatment with acid 
anil an oxidizing agent, the tungsten is obtained as a hydration product 
of yellow WOi (tungstic acid anhydride), Thi<«, like silicic acid, is 
in'^ilublc in water but tends to fonn colloidal solutions. The problem, 
ihereforr, is to oxidize the tungsten to tung'^tic acid and then to make 
sum tliai it is all prenpitaled together with any silicic acid that m.ay l>o 
pn--ent llie complete pn*cipil.atJon is nulwl by adding some cincho- 
nine hydroohloride to the Kilution; cinchonine is an alkaloid, or weakly 
basic organic ml^tance of complicaUxl comi> 0 'ition. In the following 
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rapid method, the precipitation of the tungstic acid is not quite complete, 
but this deficiency is compensated the presence of small quantities 
of impurities. 

Procedure. Treat 1.0 g of the steel in a 400-ml beaker with 50 ml 
of concentrated HCl, and heat in the covered beaker until aU the metal 
is decomposed. Remove from the heat and add cautiously 5 to 7 ml 
of concentrated HNOa. Cover the beaker, and boil for 5 minutes to 
oxidize all the iron and convert the tungsten to yellow tungstic acid. 
Remove from the heat, wash the under part of the watch glass and the 
sides of the beaker with hot water, dilute to 75-100 ml, and filter through 
a 9*cm ashless filter containing some filter-paper pulp made from ashless 
filters. Wash the precipitate alternately, three times each, wth 10-mI 
portions of hot 6 N HCl and hot water, and finally with four similar 
portions of hot water. Transfer the paper and precipitate to a weighed 
platinum crucible, ignite, and weigh. Treat the impure WOs with sul- 
furic and hydrofluoric acids (see Chapter XII) to volatilize SiF4, and call 
the residue WO 3 . 


Determination of Tungsten in Ores' 

Procedure. Weigh out accurately about 1 g of the finely groimd ore 
into a 400-ml beaker. Moisten the sample with 5 ml of water, and add 
100 ml of concentrated hydrochloric acid. Cover the beaker and digest 
at about 60® for at least an hour. Stir from time to time to prevent the 
formation of any crust. Then evaporate slowly to about 50 ml. Add 
40 ml more of strong hydrochloric acid and 20 ml of concentrated nitric 
acid, and evaporate to about 10 ml. During these operations, especially 
when fresh acid is added, stir the material at the bottom of the beaker 
so that it does not become encrusted. 

Rinse down the cover glass and the of the beaker and dilute with 
water to about 150 ml. If, by accident, the solution was evaporated 
to dryness during the above treatment, add 20 ml of concentrated hydro- 
chloric acid and 10 ml of concentrated nitric acid to the residue and 
evaporate to 10 or 15 ml. , 

To the diluted solution add 5 ml of cinchonine hydrochloride solu- 
tion (12.5 g of cinchonine dissolved in 100 ml of 6 hydrochloric acid) 
and heat on the hot plate for 30 minutes or longer. The solution should 
be at a temperature just below the boiling point and should he stirred 
occasionally. 

Allow the tungstic acid anhydride to settle and then decant the solu- 

* Recommended by J. A. HoUaday and found satisfactoiy by collaborative work 
in 17 different laboratories under the direction of W. P. Hillebrand. 
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tion through a filter which contsuns some pulp made by digesting ash- 
less filter paper with acid. Wash the precipitate three times wth a 
solution containing 10 ml of the above cinchonine solution to a liter of 
hot water. Then transfer the precipitate to the filter and wash with 
this same diluted cinchonine solution. 

Wash the timgstic anhydride back into the original beaker by a jet 
of water, using about 25 ml to accomplish this. Add 6 ml of concen- 
trated ammonia solution and heat gently, with the beaker covered, for 
about 10 minutes to convert all the tungstic acid into ammonium tung- 
state. Rinse down the sides of the beaker with hot, dilute ammoniacal 
ammonium chloride solution (200 ml of concentrated ammonia, 800 ml 
of water, and 10 ml of concentrated hydrochloric acid). Stir up the 
contents of the beaker and filter through the same filter that was used 
for the previous filtration. Collect the filtrate in a 400-ml beaker and 
wash the oripnal beaker and filter with the hot ammoniacal solution. The 
presence of a little ammonium chloride in this ammoniacal solution pre- 
vents colloidal silicic acid from passing into the filtrate. 

The residue on the filter is usually free from tungsten, but it should 
be tested (see below). Ammonium and sodium salts tend to prevent 
the complete precipitation of timgstic acid, so that it is important, 
next, to remove the excess ammonia. After this has been evaporated 
off, add 20 ml of concentrated hydrochloric acid and 10 ml of concen- 
trated nitric acid and evaporate to about 15 ml. Dilute with 150 ml 
of water and precipitate the remainder of the tungstic acid by treatment 
ivith cinchonine solution as described above. 

After filtering and washing the precipitate as before, ignite it care- 
fully in a weighed platinum crucible. The presence of the paper pulp 
causes the precipitate to form a porous, friable mass and makes it easy 
to oxidize the carbon. If the ignition is made in a muffle, the introduc- 
tion of oxygen is advantageous. After burning off the carbon, at as 
low a temperature as possible, weigh the precipitate and correct for 
silica by the usual treatment with hydrofluoric acid. 

If the tungstic acid is heated over the full flame of the burner, some 
of it n-ill bo lost by volatilization. After the removal of the silica, the 
residue should be heated to dull redness for only 1 minute. Heated in 
the muffle, the maximum temperature should not exceed 800®. The 
ignited tungsten trioxide, WOj, should have a clean, lemon-yellow color. 

To tost for tungsten the residue that is insoluble in ammonia, ignite it 
in an iron cnicibic and fuse the ash with a small quantity of sodium 
peroxide mixed irith a little sodium carbonate. Reducible metals are 
likely to ruin a platinum crucible if the residue and filter paper are heated 
in it. Extract the melt irith water and filter. Acidify the aqueous 
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extract -witli hydrochloric acid, add 5 mi of cinchonine hydrochloride 
solution, and heat for several hours to see if any yellow tungstic arid 
anhydride is formed. 

Rapid Method for Betenmning Tungsten in Ores 

Treat 1 g of ore in a platinum dish with about 10 ml of HF, 25 ml 
of concentrated HCl, and 10 ml of 9 A’'HCI 04 . Heat carefully until 
the sample is decomposed, adding more HF if necessary. Evaporate 
on an air bath to fumes of HGIO 4 . Dilute -with water and transfer to 
a 400-ml beaker. The WO 3 can usually be removed from the dish by 
rubbing with a rubber policeman. If any stain adheres, dissolve it 
in a little concentrated ammonia and add to the acid solution. Add 
75 ml of concentrated HCl and 25 ml of concentrated HNOs, and evapo- 
rate to about 20 ml at a temperature a little below the boiling point. 
Dilute with 100 ml of cold water, add 10 ml of cinchonine reagent 
(p. 230), and allow 2 hours for the precipitate to settle.^ Filter, and 
wash with dilute cinchonine solution as described on p. 231. Ignite 
the residue in a weighed platinum crucible to a dull rod heat and weigh. 
Treat with HF and H 2 SO 4 as described on p. 230 to make sure that 
the ori^nal treatment removed all SiO*. 


Separation of Molybdenum from Tungsten 
(a) The Snlfuric Add Method 

This method, proposed by ht. Ruegenberg and E. F. Smith,* depends upon the 
fact that unignited moiybdie acid is readily dissolved by heating with sulfuric acid 
<d! 1.38), while tungstic acid is not, 

W. Homrnel* tested this method in the author's laboratory, and coiild not obtain 
good results except by digesting the moist oxides with concentrated Bulfuric acid, and 
afterward dilutlog with three times as much water. 

Procedure, a. Both Acids Are Present in « Moist, Freshly Predpitated 
State. Cover the mixture with concentrated sulfuric acid in a porcelain 
dish and heat over a free flame. By this means, usually a small amount 
of the tungstic acid is oxidized to the blue oxide, so that the yellow pre- 

* The above procedure is essentially that recommended by Ledoux and given in 
Bull. 212 of the Bureau of Mines. Ledoux recommends fusing the 6nal WOj pre- 
cipitate with sodium carbonate, leadjing with tratcr, filtering, igniting, and weighing 
the insoluble residue to correct for impurities in the WOj precipitate. 

*J. Am. Chem. Soc., 22, 772. 

* laaug. Dissert., Giessen, 1902. 
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cipitatc of tungstic acid is tinted with green. On adding one or two 
drops of dilute nitric acid, the green color disappears and the tungstic 
acid is of a pure yellow color. After digesting for half an hour, the 
separation is complete. Cool, dilute the liquid with three times its vol- 
ume of water, filter, wash with water containing sulfuric acid, then tw’o 
or three times with alcohol, ignite (after burning the filter by itself) 
in a porcelain crucible, and weigh as WOs- 

Precipitate the molybdenum in the filtrate by passing hydrogen sul- 
fide into the sulfuric acid solution in a pressure flask, and treat the 
precipitate as described on p. 114. 

If only a little sulfuric acid is used for the separation, the filtrate 
from the tungstic acid can be evaporated in a platinum dish, the sul- 
furic acid driven off for the most part, and the residue washed into a 
weighed platinum crucible with ammonia, and then evaporated, ignited, 
and weighed. If large amounts of molybdenum are present, however, 
it is always safer to precipitate the molybdenum as sulfide. 

0. Tungsten and Molybdenum Are Present in the Form of Their Ignited 
Oxides. Those ignited oxides cannot be separated by treatment Tsith 
sulfuric acid. According to W.'IIommel, they can readily bo brought 
into solution by heating for half an hour on the water bath with concen- 
trated ammonia in a pressure flask, shaking frequently. 

After cooling, wash the contents of the flask, whether dissolved or 
not, into a porcelain dish, evaporate to drj'ncss, and treat as described 
under (a). 

It is still better to fuse the ignited o.xidcs with four times as much 
sodium carbonate, and treat the melt as described under (a). 

(6) Sublimation Method^ 

If ft mi^tyre of thp trioxidcs of tungsten nnd molybdenum, or of their alkali salts, 
IS he.'vtctl nt 250-270® in tv current of drj' hydrochloric acid, the molybdenum is 
voK-vtilizwl completely ns MoO, 2IICI, which collects on the cooler parts of the tube 
a-s ft l>c.xutifiit, white, wool-hke sublim.itc, while the tungsten trioxide remains behind 
in the boat. 

Procedure. Weigh out about 0.3 g of the oxides of the two elements, 
or their sodium salts, into a porcelain boat, and place the boat in a tube 
made of difTicuHly fudhlo of uhich one end i.s bent vertically dorni- 

vvanl and is connected with a P^ligot tube containing a little water. 
Insert the horizontal arm of the tube through a heated air bath, and 
connect with an app.aratus for generating hydrogen chloride gas. Pa-ss 
this gas through a fl.'U'k containing concentrated hydrochloric acid, and 

‘ Pfehard, Compl rend , IH, 173, and 4C, 1101. 
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then through concentrated sulfuric acid. As soon as the temperature 
has reached about 200® the subBmation of the molybdenum begins. 
From time to time drive over the sublimate that collects in the combus- 
tion tube toward the P^Iigot tube^ by carefully heating with a free flame, 
to see whether any more molybdenum is being volatilized. After 
heating for 1.5-2 hours, the operation is usually complete. Remove 
the boat containing tungsten trioadc alone or with sodium chloride. 
If only the tungsten trioxide is present, weigh after drying in a des- 
iccator over caustic potash; if, however, sodium chloride is present 
(when the tungsten was ori^nally present as sodium tungstate), remove 
this by treatment with water, and weigh the filtered WO 3 after ignition. 

For the determination of the molybdenum, wash out the sublimate 
in the tube by means of water containing a little nitric acid, and care- 
fully evaporate the nitric acid solution of the entire sublimate to dryness 
in a porcelain dish. Dissolve the residue in ammonia, wash into a por- 
celain crucible, evaporate to drjmess, and change to MoOj by gentle 
ignition. 

(c) The Tartaric Acid Method of H. Rose 

To the aqueous solution of the alkali salts of the two metals add 
considerable tartaric acid and an excess of sulfuric acid. Precipitate 
the molybden\im according to p. 114, by hydrogen sulfide in a pressure 
flask. Filter off the molybdenum sulfide and change by roasting in 
the air to the trioxide. For the determination of the tungsten, destroy 
the tartaric acid by repeated evaporation with nitric acid, filter off the 
precipitated tungstic acid, and change by ignition to the trioxide. 

Hemaxk. THa method ^vea correct results, but is not so satisfactory as the 
preceding one on account of the time consumed in removing the tartaric acid. 

Analysis of Tungsten Bronzes 

The anal^is of these alkali salts of complex tungsten acids, discovered by Wohler 
In 1824,* offered considerable diflSculty for a long time because acids do not decompose 
them very readily. 

By fusion with alkalies in the air, or better still in the presence of potassium 
nitrate, the tungsten bronzes can be converted without difficulty into normal alkali 
tungstate, and the tungsten detemuned by one of the methods already described. 


* By the absorption of the MoO,'2HCl in the water of the Pfligot tube, the brick- 
red acid chloride, MojOsCU, is often formed; 

31MoO,-2Hai 4- 2Ha « 4H,0 + TvIo,0»Ch 
This substance is insoluble in hydrochloric acid, but readUy soluble in nitric acid. 

• Pogg. Ann., 2, 350. 
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It is obvious that the alkalies cannot be determined in the same sample, so that 
Philipp' proceeded as follows: 

Treat the bronze with ammoniacal slver nitrate solution. The WOi is thereby 
otidizcd to WOi and an equivalent amount of silver is precipitated, but the whole 
of the tungsten dissolves as alkali and ammonium tungstates. In the filtrate ob- 
tained after filtering off the depoated silver, precipitate the tungstic acid by treat- 
ment with nitric acid and determine as WO,. After removing the excess of silver, 
by precipitating it as the chloride, evaporate the filtrate to dryness with the addition 
of sulfuric acid, and v\eigh the alkali as sulfate. 

Although the above method affords satisfactory results in the analysis of bronzes 
containing comparatively little tungsten, it is wholly inadequate for bronzes rich 
in tungsten. The method of Brunner,* which follows, is applicable in all cases. 
It is based upon the fact tiiat the bronzes can be transformed very easily, and with- 
out loss of alkali, into normal tungstates by heating with ammonium persulfate, or 
ammonium acid sulfate. 

Procedure. Treat 0.5 g of the finely powdered bronze in a porcelain 
crucible with 2 g of nlkali-frcc ammonium sulfate and 2 ml of concen- 
trated sulfuric acid,* heating carefully over a small flame. During the 
heating, frequently move the crucible cautiously to shake its contents 
about a little. The escape of gases from tbo crucible soon ceases, and 
when sulfuric acid vapors begin to be evolved the decomposition of the 
bronze results. 

With sodium and lithium bronzes the fused mass appears greenish, 
whereas with a potassium bronze the color is yellowish white. After 
a part of the ammonium sulfate has been volatilized, allow tho mass in 
the crucible to cool; add another gram of ammonium sulfate and 1 ml of 
concentrated sulfuric acid. Again heat the contents of the crucible as 
before until sulfuric acid fumes come off thickly; then allow tbo crucible 
to cool. 

Soften the greenish or yellowish white residue by treating with 
water and rinsing into a porcelain dish. After adding 50 ml of concen- 
trated nitric acid, digest the contents of the evaporating dish on the 
water bath for 3 or 4 hours, and then, after diluting wath water, filter 
off the residue of pure yellow tungstic acid. 

To recover the small amount of tungstic acid remaining in the filtrate, 
evaporate as far as pos.siblc on the water bath, allow to cool, dilute with 
a little water, carefully treat with an excess of ammonia, again evaporate 
on the water bath, and treat as described on p. 227. 

Kvnporate the final filtrate from the tungstic acid determination to 

»/?rr. IB, coo (1RS2). 

* Imug Di’wrt, Zlincb , 1903. 

• If ninmonium i>rn-ulf.ile n u««l the addition of sulfuric acid U unneccs.<yiiy. 

llio only ol.jwlion to tho uv of the persulfate n that the commercial salt often 
contams fomo pomilfate. 
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dryness, expel ammonium salts by ignition and weigh the residue of 
alkali sulfate (cf. pp. 270 and 278). 

Separation of Tungsten from Tin' 

Mix 1 g of the finely powdered mineral in an iron crucible with 8 g 
of sodium peroxide, and carefully fuse the mixture over a Bunsen burner 
for about 15 minutes. After cooling, soften the melt with water and 
transfer into a 250-ml flask (if lead is present, conduct carbon dioxide 
into the solution for a few minutes), dilute the solution to the mark, 
mix well and filter through a dry filter, rejecting the first few milliliters 
of the filtrate. 

For the determination of ike tungstic add, take 100 ml of the filtrate 
and proceed as described on p. 227. 

For the determination of the tin, use a second 100 ml of the original 
alkaline solution. Treat with 45 ml of concentrated hydrochloric acid, 
to precipitate tungstic and stannic acids. Add 2 or 3 g of pure zinc 
to change the tungstic acid to the blue oxide and reduce the stannic 
acid to metallic tin. Allow the mixture to stand quietly for an hour at 
a temperature between 50® and 60®. The tin then goes into solution as 
stannous chloride, and the greater part of the tungsten remains undis- 
solvcd in the form of the blue oxide. Filter off the latter, and wash. 
In this way the whole of the tin should be obtained in an acid solution, 
in the presence of a small amount of tungsten, which does no harm. 
Dissolve the blue oxide on the filter, however, in hot, dilute ammonia 
solution to make sure that it contains no trace of metallic tin. If it 
does, dissolve the small particle of tin in a little hydrochloric acid and 
add the resulting solution to the main solution of the tin. 

Now dilute the solution with water and precipitate the tin as stan- 
nous sulfide by introducing hydrogen sulfide gas. Filter off the precipi- 
tate, ignite in a porcelain crucible, and weigh as SnOj (see p. 97). Or 
dissolve the moist precipitate of stannous sulfide in potassium hydroxide 
solution and determine tin by electrolysis (see p. 97). 

According to Donath and Miiller^ a mixture of stannic oxide and 
tungstic acid may be separated as follows: Ignite the mixture vinth 
powdered zinc for 15 minutes in a covered porcelain crucible. After 
cooling, heat the spongy mass in the crucible in a beaker with 4 N hydro- 
chloric acid (1 : 2) until evolution of hjrdrogen is no longer perceptible. 
Allow the solution to cool somewhat and add powdered potassium chlo- 
rate little by little until the blue tungsten oxide is completely trans- 

* Cf. n. Augenot, Z. angew. Chem., 19, 140 (190G). 

‘TTiencr Monat<^h., 8, 647 (1887). 
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formed to yellow tungstic acid, and the liquid no longer sho^^’s any 
blue tinge. Dilute wth li times as much water, and after standing 24 
hours filter off the tungstic acid, washing the precipitate first with dilute 
nitric acid and then with 1 per cent solution of ammonium nitrate. Dry, 
ignite, and weigh as WOj. Determine the tin in the filtrate as above. 

Separation of Tungstic Acid from Silica 

When a mixture of tungstic and silicic acid is at hand, such as is 
obtained by evaporation with nitric acid, the silicic acid may be removed 
by treating the ignited residue with hydrofluoric acid and a large ex- 
cess of sulfuric acid. 

Vanadium, V. At. Wt. 60.95 

Vanadium is determined os the pentoxide, V 2 O 5 . The most con- 
venient method for determining vanadium is a volumetric process; it 
will be discussed in Chapter XV. 

If vanadium is present as ammonium or mercurous vanadate, it can 
be easily changed to the pentoxide by ignition; the pentoxide is a reddish 
brown fusible substance which solidifies a.s a radiating, crystalline moss. 
If vanadic sulfide is carefully roasted in the air, it is also changed quanti- 
tatively to the pentoxide. 

In tlic analysis of most minerals containing vanadium, the vanadium 
is separated from the other metals present by fusing \\*ith a mixture of 
G parts sodium carbonate and 1 part pota.ssium nitrate. After cooling, 
the melt is extracted with water, whereby the sodium vanadate goes 
into solution while most of the metals arc left behind in the form of 
oxides or carbonates. If pliospborus, arsenic (molybdenum, tungsten), 
and chromium arc present, these elements also dissolve on treating the 
melt with water in the form of the .«odium salts of the corresponding 
aoitb?. 

In practice, therefore, the vanadium isuMially met with as the sodium 
salt of vanadic acid, and it is a matter of .separating it from the aqueous 
solution obtaiiK'd after fusing with sodium carbonate and potassium 
nilnitc, and of separating it from the other acids nhieh arc likely to 
arcompati}’ it (phosj)horic, arsenic, and chromic acid'i). 

Precipitation of Vanadic Acid from a Solution of Sodium Vanadate 
The Ixad Acetate Method of Uoscoc^ 

Principle. If n solution wmUv .arid with arctic ncid h trc.ntc<l with Jc.'id ncct.ife 
oranci'-> rllow Icid varu'iditc w precipitated qmnlitativcly. Tlie lead van.odatc' 

‘ .inn CUm. Vlarm., .Viipp/., 6, 102 (1872). 
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however, does not possess a constant composition, so that the amount of vanadium 
present cannot be determined by wmghing the precipitate. After being washed, it 
is dissolved in as little nitric acid as possible, the lead precipitated as lead sulfate, 
and the vanadium determined in the filtrate by evaporating the filtrate, driving off 
the excess of sulfuric acid, and weighing the rraidual VsOs. 

Procedure. Fuse with sodium carbonate and a .little potassium 
uitrate, cool, extract with water to dissolve the alkali salts, and filter. 
Nearly neutralize the solution wtih nitric acid, and stir into it an. excess 
of lead acetate solution; the voluminous precipitate will soon coagulate 
and settle to the bottom of the beaker leaving a perfectly clear super- 
natant liquid. The precipitate is at first orange-colored, but on standing 
it gradually becomes yellow and finally perfectly white. Filter and wash 
with water containing acetic acid until a little of the filtrate will leave no 
residue on evaporation. Wash the precipitate into a porcelain dish, dis- 
solve the part remaining on the filter in as little as possible of hot, dilute 
nitric acid, and add the solution to the main part of the precipitate, to 
which add enough nitric acid to dissolve it completely. Then add an ex- 
cess of sulfuric acid, evaporate on the water bath as far as possible, and 
finally heat over a free flame until dense fumes of sulfuric acid are evolved. 
After cooling, add 50-100 ml of water, filter off the lead sulfate, and wash 
with dilute sulfuric acid until 1 ml of the filtrate will show no yellow color 
with hydrogen peroxide. The lead sulfate should be white and free from 
vanadium; it will be so, provided that enough sulfuric acid was used and 
the mass was not heated until absolutely dry before diluting with water. 
Evaporate the filtrate containing all the vanadic acid in a porcelain 
dish to a small volume, transfer to a weighed platinum crucible, evapo- 
rate further on the water bath, and finally in an air bath until all the 
sulfuric acid is removed. Ignite the contents of the open crucible for 
some time* at a faint-red heat and finally weigh as VsOs. 

Remark. Instead of decomposing the lead vanadate by means of sulfiuic acid, 
Holverscheidt recommends precipitating the lead as sulfide by means of hydrogen 
sulfide and determining the vanadium in the filtrate. For this purpose boil the blue- 
colored filtrate from the lead sulfide precipitate (which contains some vanadyl 
salt) to expel the excess of hydrogen sulfide and filter off the deposited sulfur. Add 
a few drops of nitric acid, evaporate the solution to dryness, and change the reddish 
yellow hydrate of vanadic acid by gentle ignition into the pentoxide of vanadium. 

Lead may also be separated from the vanadic acid as lead chloride. In this case 
it is necessary to add 15 volumes of alcohol to the solution. 

The separation of vanadium as the sulfide by acidifying a solution of an alkali 
vanadate that has been treated with an exce^ of ammonium sulfide is not admisrible. 


* On expelling the sulfuric acid, there are finally formed some green and brown 
crystals of a compound of vanadic add with sulfuric acid; these are decomposed 
only at a faint-red heat. 
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for only a part of the vanadium is precipitated as the brown sulfide, the rest remain- 
ing in solution in the form of vanadyl salt. H. Rose called attention to the inaccu- 
racy of this method, but this has not prevented its being recommended in some works 
on analytical chemistry. 

Separation of Vanadium from Arsenic Acid 

Most minerals containing vanadium also contain arsenic, and after 
extracting the melt, obtained by fusion wth sodium carbonate and niter, 
mth water, both elements go into solution. For their separation, make 
the solution acid with dilute sulfuric acid and introduce sulfur dioxide 
into the hot liquid; the vanadic acid is reduced to vanadyl salt and the 
arsenic to arsenious acid. After boiling to remove the excess of sulfur 
dioadc, saturate the solution with hydrogen sulfide and filter off the 
precipitate of arsenic trisulfide. Remove hydrogen sulfide from the 
filtrate by boiling, evaporate with nitric acid to form vanadic acid again, 
make the solution alkaline with sodium carbonate, and determine the 
vanadium by one of the above methods. 

Separation of Vanadium from Phosphoric Acid 

If the aqueous solution obtained after the soda-niter fusion contains 
phosphoric as well as vanadic acid, both arc precipitated by mercurous 
nitrate in a neutral solution. By igniting and weighing the washed 
precipitate the sum of the VjOj + PjOs is obtained. 'Wlien PjOs is 
present the VjOj docs not melt, but only sinters together. Fuse the 
ignited oxides with an equal weight of sodium carbonate, dissolve the 
melt in water, make the solution acid with sulfuric acid, and boil with 
Kulfurous acid to reduce the vanadic acid to vanadyl sulfate, which will 
be recognized by the pure blue color that the solution assumes. Pass 
carbon dioxide into the boiling solution until the e.\ccss of sulfurous acid 
is removed, and then allow to cool. To the cold solution, now about 
100 ml in volume, add 200 ml of a 75 per cent solution of ammonium 
nitrate and 50 ml of ammonium molybdate solution (cf. Remark, p. 240). 
I Icat the solution to about 00% and set aside to stand for 1 hour. Decant 
the clear liquid through a filler, and wash three times by decantation 
wjth50mlof the proper wash liquid (see “Phosphoric Acid”). Dissolve 
the precipitate by pouring 10 ml of 8 percent ammonia through the filter 
into the beaker containing the bulk of the precipitate and finally wash 
the filter with 30 ml of water. To this solution add 20 ml of a 34 per 
cent nmmonitim nitrate solution and 1 ml more of ammonium molyb- 
date, hc.at just to boiling, and rcprccipitnle the phosphoric acid by tlio 
addition of 20 ml of hot 25 pcT cent nitric acid. Determine the phos- 
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phone acid by the method of Woy (see “ Phosphoric Acid ”)• Deduct 
the amount of P 2 O 6 found from the sum of the oxides to get the weight of 
V2O5. 

Remark. A. Gressly tested this method in the Ztirich laboratory and made 
the interesting observation that, if about 0-15 g of VjOs was present with 0.1 g PjOs, 
no trace of the latter could be detected according to the procedure of Woy, even on 
boiling the solution. On the other hand, an immediate precipitation was produced if 
a stronger solution of ammonium molybdate was used (76 g of ammonium molybdate 
dissolved in 500 ml of water) and this solution poured into 600 ml of nitric acid, d 1.2. 

The above-described separation gives correct results only when the vanadium b 
present as vanadyl sulfate; if vanadic acid is present it is precipitated with the 
phosphoric acid. If the solution is allowed to stand after the addition of the am- 
monium molybdate, the vanadyl sulfate b gradually oxidized to vanadic acid; the 
precipitate therefore should not he allowed to stand long before filtering. 

Separation of Vanadium from Molybdenum 

Precipitate the molybdenum as sulfide from sulfuric acid solution 
by the action of hydrogen sulfide under pressure as described on p. 114. 
Ignite and weigh as MoO?. 

Boil off hydrogen sulfide from the filtrate and determine vanadium as 
described under “ Separation of Vanadium from Arsenic Acid ” on 
p. 239. 

Determination of Vanadium and Chromium in Iron Ores and Rocks 

As vanadium often occurs in many ores of iron and in rocks, although 
in very small amounts, it is often of interest and of importance to be 
able to determine it under such conditions. For this purpose, W. F. 
Hillebrand^ proceeds as follows: 

Fuse 5 g of the finely powdered mineral with 20 g sodium carbonate 
and 3 g potassium nitrate over the blast lamp. Extract the fused mass 
with water, add a few drops of alcohol to reduce the green manganite, 
and filter off the residue.* 

The aqueous solution cont^s sodium vanadate and often phosphate, 
chromate, molybdate, aluminate, and considerable silicate as well. 
First of all, remove the aluminum and the greater part of the silicic 
acid by nearly neutralizing the alkaline solution with nitric acid.* It 
is very important not to make the solution acid at this point on account 

^ V. S. Geol. Survey Bull., 700. 

* If considerable vanadium is present, the insoluble residue may contain vanadium 
and should be fused with soda and luter again. 

* Determine the amount of nitric add necessary to neutralize 20 g of sodium 
carbonate by a blank test. 
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of the reducing action of the nitrous acid set free from the nitrite formed 
during the fusion. Evaporate the nearly neutral solution to approxi- 
mate dryness, take up in water, and filter.* 

Treat the cold alkaline solution with an almost neutral solution of 
mercurous nitrate until no further precipitation takes place. The some- 
what voluminous precipitate contains, besides mercurous carbonate, 
also mercurous chromate, vanadate, molybdate, arsenate, and phos- 
phate, if the corresponding elements are present in the mineral. If the 
precipitate is too bulky, cautiously add a little nitric acid, and then a 
drop of mercurous nitrate in order to see whether the precipitation is 
complete. 

Heat the liquid to boiling, filter, wash the precipitate with water con- 
taining ammonium nitrate, dry, and ignite in a platinum crucible at as 
low a temperature as possible. Fuse the ignited residue with a little 
sodium carbonate, o.xtract the melt with w'ater, and, if yeJJow’-colored, 
filter into a 25-ml flask and determine the amount of chromium color!- 
metrically by comparing its color with a carefully prepared solution of 
potassium chromate. 

Then slightly acidify the solution with sulfuric acid, and precipitate 
the molybdenum, arsenic, and traces of platinum by hydrogen sulfide 
in a pressure flask. Filter off the precipitated sulfides, carefully ignite 
the ^tcr together ^ith the precipitate in a porcelain crucible, add a 
few drops of sulfuric acid, and heat the crucible again until the acid is 
almost completely removed. On cooling the mass is colored a beautiful 
blue if molybdenum is present. 

Expel hydrogen sulfide from the filtrate by boiling and introducing 
carbon dioxide at a volume of not over 100 ml. Then titrate the hoi 
solution to a pink color with 0.01 N potassium permanganate solution 
(cf. Chapter X^0• To obtain absolutely accurate results, reduce the 
hot solution again with sulfur dioxide, expel the excess with carbon 
dioxide, and repeat the titration. Tliis result is usually a trifle lower 
and should be taken as correct. 

6V,O2(SO0j + 2iain04 + 22H,0 = 2101304 + 2MnS04 -p 
lOHsVOi -1- CHjSOi 

Tliis method gives correct results only when the amount of chromium 
present is very small, winch it usually is. 

* The residue of aluminum hydroxide and sUicic acid rarely contains vanadium 
but often docs contain chromium. If it is desired to detennine the chromiumi 
evaporate the residue to diyncss with hj’drofluoric and sulfuric acids, fuce the dry 
mass w ith soda and niter again, and add the aqueous solution of the melt to the main 
solution. f 
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If more than 5 mg of chromium is pr^nt a correction must be made, 
for a measurable amount of permanganate is used up in oxidizing the 
chromium. This is determined by taking a solution containing the 
same amount of chromate as the analyzed solution, reducing it with sul- 
furous acid, and titrating with permanganate. The amount of perman- 
ganate now used must be subtracted from the amount used in the analy- 
sis, and from the difference the amount of vanadium can be calculated. 

Determination of Vanadium and Molybdenum in Steel 

Modified Method of A. A. Blair^ ' - 

Dissolve 2 g of the steel in 50 ml 6 iV nitric acid, evaporate to dry- 
ness, and bake the residue to decompose nitrates. Take up with hydro- 
chloric acid and carry out the Rothe ether separation as described on 
p. 179. Practically all the molybdenum will be dissolved in the ether, 
and all the chromium, vanadium, and nickel will be in the aqueous 
acid solution. 

To determine molybdenum, evaporate the ether solution nearly to 
dryness by carefully heating over warm water, away from any fiamc. 
Add 10 ml of sulfuric acid and again evaporate to remove hydrochloric 
acid. Cool, dilute with 100 ml of water, and reduce the ferric salt by 
adding ammonium bisulfite. Boil off the excess of sulfurous acid, cool, 
transfer to a pressure flask, saturate with hydrogen sulfide, and deter- 
mine molybdenum as MoOa according to p. 114. 

Take the aqueous acid extract from the ether separation for the 
determination of vanadium. Remove the dissolved ether by heating 
on the water bath, add nitric acid in cxce^, and evaporate to remove 
hydrochloric acid. "When the solution is almost sirupy, add 20 ml of 
hot water and heat with a few drops of sulfurous acid to reduce any 
chromic acid that may have been formed, but take care not to reduce 
the vanadium. Boil and slowly pour the hot solution, while stirring, 
into an excess of a boiling 10 per cent solution of sodium hydroxide. 
One milliliter of the alkali will neutralize about 0.4 ml of 6 AT nitric acid. 
Boil a few minutes, allow the precipitate to settle, filter, and wash with 
hot water till free from alkali. The precipitates contain hydroxides of 
iron, chromium, nickel, copper, manganese, etc., and the filtrate contams 
sodium vanadate. To remove traces of chromium, make acid with 
nitric acid, boil, and again neutralize vriith hot caustic soda. Make this 
last filtrate acid with acetic acid, heat to boiling, and precipitate the 
vanadium with hot lead acetate solution. Filter off the yellow lead 


* J. Am. Ghem. Soc , 30, 1228. 
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vanadate precipitate, dissolve it in hot dilute hydrochloric acid and, 
if much lead is present, evaporate the solution nearly to drjmcss, cover 
with alcohol, and filter off the lead chloride. Evaporate off the alcohol 
and titrate the vanadium as in the preceding method. 

Usually it is unnecessary to remove the lead. Evaporate the hydro- 
chloric acid solution to dryness, add 50 ml of 12 N hydrochloric acid, 
and again evaporate nearly to drjTicss. Add 10 ml of concentrated 
sulfuric acid and evaporate to fumes. Cool, dilute to 150 ml, heat to 
GO®, and titrate slowly with permanganate. One milliliter of 0.1 N 
permanganate reacts with 0.00510 g of vanadium. 

Remark. For the routine analj'sis of vanadium in steel, the American Society 
for Tcit inR Materials has sanctioned the determination of vanadium without removing 
cliromium. In this ease, after the removal of the ether in the above procedure, add 
25 ml of concentrated sulfuric acid and evaporate to fumes. Cool, add 25 ^ of 
water and a sliRht ctccss of 2.5 per cent permanganate solution. Add 15 ml of 
concentrated hydrochloric acid, aRain e^mporate to fumes, cool, dilute to 150 ml, 
and titrate wiOi pcrmanRan.ilc at C0“. 

Campagne* sliowcd that Rood results can be obtained by reducing the vanadium 
by evaporation willi hydrochloric acid when not more than 0.1 g of vanadium \% 
present. The reduction with sulfurous acid, as in the preceding method, is safer. 


* Compt. raid , 137, 570 (100.1). 
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CALCIUM, STRONTIUM, BARIUM 

Calcium, Ca. At. m. 40.08 
Fonns: CaO, CaC!04-Hs0, CaCOj, CaSO^ 

1. Detenainatiotv as Calcium Oxide (Lime), CaO 

For the determination of calcium as CaO, it Is best precipitated as the oxalate and 
converted to the oxide by strong ignition. The solution should contain no other 
cation besides magnesium and alkalies. Enough ammonium salt should be present 
to prevent the precipitation of Mg(OB)t upon adding ammonium hydroxide. 

Procedure. Heat the dilute, slightly acid solutioa to boiling and 
add a slight excess of hot ammonium oxalate solution. Slowly neu- 
tralize with ammonium hydroade, while stirring, and allow the pre- 
cipitate to settle for about 4 hours. Add a little more ammonium 
oxalate to make sure that tho precipitation is complete. Decant off 
the clear liquid through a filter, cover the precipitate with boiling water 
containing ammonium oxalate,* allow to settle, filter, and repeat this 
washing by decantation 3 times. Finally transfer the precipitate 
to the filter and wash with a hot, very dilute solution of ammonium 
oxalate, until free from chloride. Place the moist filter in a platinum 
crucible and ignite carefully. Heat the precipitate cautiously at first, 
so that the too rapid evolution of carbonic oxide will not cause loss. 
After the filter is burnt and the precipitate is perfectly white, cover the 
crucible and heat strongly over a M4ker burner or blast lamp for 20 
minutes. 

Allow the crucible to cool to about iOO® in the air and then for 15 
minutes in a desiccator. Wei^ as CaO. Heat for another 10 minutes 
over the M4ker burner to make sure that all the calcium carbonate 
has been decomposed and again weigh. 

* T. W. Richards found that the calcium oxalate precipitate is appreciably sol- 
uble in pure water but practically insoluble in a dilute solution of ammoniurn oxalate 
(Z. anorg. C/iem., 28 , 85 (lfK)l)). 
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During the ignition, the following reactions take place: 

(1) CaC 204 — ♦ CaCOa + CO (at dull redness) 

(2) CaCOa -> CaO + CO* (at about 1000'’) 

Remarks. With an ordinary' Bunsen burner and nn open crucible but little 
calcium oxide is formed. It is diflicult to convert the precipitate completely to 
oxide if a porcdain crucible is used but if loss of heat by radiation is partly stopped 
by covering the platinum crucible, it is possible to convert 0.5 g of calcium carbonate 
to oxide by heating 1 hour over a Tirrill burner. 

Calcium oxide is hj'groscopic but nhen strongly ignited there is no difficulty in 
weighing it provided that the above directions arc followed. It is nexxr safe to assume 
that the first weight is correct, however. If the cold crucible and its contents appar- 
ently gain weight rapidly while on the balance pan, it is probable that a little cal- 
cium chloride is present, owing to incomplete tva-shing of the precipitate. This can 
be removed bj’ moistening several times with ammonium carbonate and heating 
after each addition of carbonate 

Sometimes a little calcium sulfate is formed by allowing the gas flame to enter , 
the crucible. This is not a serious source of error with the illuminating gas of most 
American cities. 

If both solutions are not boiling hot during the precipitation, the calcium oxalate 
forms verj' fine crj'stals; it then settles verj* slowly and passes readily through the 
filler. 

Calcium oxalate is in-ippreciably soluble In water and dilute acetic acid contain- 
ing dissolved ammonium oxalate, but readily soluble in mineral acids. One liter of 
pure water dissolves 10 mg of calcium oxalate. 

Tlic precipitate, wlien formed in a iKuling soliilbn, corresponds to the formula 
C.iCj0441jO. It can bcwoighw! in this form after drj-ing at 100-105* or after wash- 
ing with nlcoliol and ether. Before washing with alcohol, the precipitate must be 
wa«!ied well with hot water. One of tliel>csl ways to handle the precipitate is to dis- 
kjI\ e It in acid and titrate with i»crjnanganate (sot* Chapter XV). 

2. Detennination of Calcium as Sulfate, CaSO^ 

Tins method is chiefly usc<l in the nnalj-sia of calcium Falts of organic 
acids or for the convcr>ion of calcium oxalate to sulfate in a porcelain 
cnicihlf For this piirix)>^o heat the calcium salt in a weighed crucible 
until the organic matter is dcstroyc<l. Tlicn cover the crucible xritli a 
watch glass, add some dilute .«ulfuric acid, and heat upon the water 
hath until there is no longer any evolution of carbon dioxide. Wash 
off the under side of the watch glass nnd evaporate tlio liquid as far as 
jKi^sihle on tli(‘ hath. Tlicn c.arcfully ox|X)l cxre.'is of sulfuric acid by 
inrhning the cnicihle and heating over the free flame (or in nn air 
bath) Ipniti- gently arul weigli. By strong ignition calcittm sulfate 

' .Xftrr he-itlng for 1 hour to dull mIn(-% 0 20', 2 c Cfi.«0, rrmninrsl unchmjrwl in 
wrictil. Iiijt on halting with tlic full nimenf.i Tcrlii biini' r it If,-! 0 OOtJJ g in wciKht. 
t)i» he.ituiR for I hour rr the bLi*t lamp it 0 0051 g. (J. WcU-r.) 
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Calcium may also be precipitated as calcium sulfate. Treat the 
neutral solution containing about 0.1 g of calcium in 25 ml with 2 ml 
of 6 iV sulfuric acid, add 4 volumes of alcohol, and allow the mixture 
to stand 12 hours. Filter, wash with 70 per cent alcohol, gently ignite 
in a crucible, and weigh. 

3. Determination of Calcium as Carbonate, CaCO^ 

Only rarely is calcium precipitated as carbonate by ammonium 
carbonate in the presence of ammonia. Gently ignite the filtered and 
washed precipitate and weigh as carbonate. After weighing, moisten 
the residue with a little ammonium carbonate solution, evaporate to 
dryness on the water bath, and again ignite gently. This is done in 
order to change small amounts of calcium oxide, which may have been 
formed during the burning of the filter paper, back to carbonate. 

In the presence of considerable ammonium chloride the precipitation 
of calcium by means of ammonium carbonate is never complete whereas 
the precipitation with ammonium oxalate always is. 

If a caldum oxalate precipitate is ignited to constant weight in a 
porcelain crucible at a temperature ranging from 675® to 800®, while a 
current of dry carbon dioxide is constantly being led into the crucible, 
the precipitate is converted into calcium carbonate.^ To obtain a 
smtable temperature range, heat the precipitate in a 30-ml Gooch 
crucible, covered with a Rose crucible cover and resring in a 15-ml 
porcelain crucible which is heated with the full heat of a Bunsen burner. 
Under these concUtions potassium iodide (m.p. 685®) should melt in the 
Gooch crucible and potassium chloride (m.p. 790®) should not. Heat 
the crucible slowly at first to dry the precipitate and then with the full 
heat of the burner for 15 minutes, continuing the current of carbon 
dimdde until the crucible is nearly cold. 

STRONTIUM, Sr. At. Wt. 87.63 
Forms : SrSOi, SiUOs, SrO 

The determination as the sulfate is the most accurate. 

Determination of Strontium as Sulfate, SrS 04 

Procedure. To 100 ml of the neutral solution containing not more 
than 0.5 g of strontium add 5 ml of 6 iV" sulfuric acid and as much 
alcohol as there is volume of solution. Stir well, allow the mixture to 


* H. W. Foote and W. M. Bradley, J. Am. Chem. Soe., 48, 676 (1926). 
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stand 12 hours, filter and wash, at first natb 50 per cent alcohol to 
which a little sulfuric acid has been added, and finally with pure alcohol 
until the wash water no longer ^ves the sulfuric acid reaction. Dry, 
ignite, cool, and weigh. 

Remarks. Only about 0 014 g of SrSO« dissolves in 100 ml of pure water. The 
addition of a little sulfuric acid decreases the solubility, but if too much acid is added, 
the precipitate dissolves appreciably. 

It is very soluble in concentrated sulfuric acid and appreciably soluble in dilute 
hydrochloric and nitric acids, aceUc acid, and in concentrated solutions of mag- 
nesium or alkali chloride. 

If considerable acid is present it should be removed by evaporation. 

Determination of Strontium as Oxide, SrO, or as Carbonate, SrCOj 

Precipitate the strontium as carbonate, or as oxalate, and change by 
ignition to the oxide as described under “ Calcium.” 

Strontium carbonate is decomposed by beat with more difficulty than 
calcium carbonate, and the determination as carbonate is vary satis- 
factory. It is adWsablo to treat the precipitate as described under 
“ Calcium,” although it is usually unnecessary to heat with additional 
ammonium carbonate. 

Solubility of Strontium Carbonate in Wafer according to Fres&nius 

At ordinary temperatures, 18,04Spart8 ofwater dissolve 3 part of SrCO*. Ja water 
containing ammonium carbonate the salt is much less soluble; on the other hand, 
ammonium chloride and ammonium nitrate mcrease its solubility. If calcium, 
strontium, magnesium, and alkali salts are present together, as in minerals and in 
mineral waters, the ealcium and etroatium are both precipitated as oxalates and 
transformed by ignition into the oxides Cf. pp. 244, 240. 

Solubililtj of Stronlium Oxalate in Water 

At ordinary temperatures, 12 1 of water dissolves 1 g of SrC !04 2^HiO. The 
solubility is very much less in water containing ammr>ri»n ni oxalate. 

BARIUM, Ba. At Wt. 137.36 
Forms: BaSQf, BaCr 04 
1. Determination as Barium Sulfate 

Dilute the solution so that it contains not more than 0.15 g of barium 
per 100 ml. Make slightly acid with hydrochloric acid, beat to boil- 
ing, and add a slight excess of hot, normal sulfuric acid. Use about 
3 ml of normal acid for each 100 ml of solution. After the precipitate 
has settled, add a little more sulfuric acid to make sure that the pre- 
cipitation is complete. After allowing to stand for an hour or more in a 
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'warm place, decant the solution through a filter and wash 4 times by 
decantation with 60-ml portions of hot water containing a few drops of 
sulfuric acid. Finally transfer the precipitate to the filter and wash 
with hot water till free from acid. Ignite the wet precipitate and filter 
in a platinum or porcelain crucible. Do not heat over the blast lamp 
or M^ker burner, because barium sulfate is decomposed at about 900®. 
Cool in a desiccator and weigh as BaSO^. 

The precipitate usually contains a little chloride and the results are 
likely to be somewhat low. Sometimes a low result is caused by too rapid 
combustion of the filter which causes the formation of barium sulfide. 
To correct both of these errors, moisten the precipitate with a few drops 
of 18 iV^ sulfuric acid, carefully evaporate off the acid, gently ignite, 
and weigh again. Repeat the treatment until two successive weigh- 
ings agree within 0.3 mg. 

Remark. It is difficult to get pure precipitates of barium sulfate.^ One liter of 
pure water dissolves only about 3 mg of barium sulfate, and it is even less soluble in 
water containing a little sulfuric acid. It is appreciably soluble in solutions con- 
taining more than 1 ml of 6 N mineral add per 100 ml and is very soluble in concen- 
trated sxilfuric acid. A full discussion of the problem of producing pure precipitates 
of barium sulfate is given under “ Sulfuric Acid” in Chapter XI. 

The formation of a little barium sulfide during the ignition of the precipitate does 
not usually cause error, for it is easily roasted back to sulfate by beating the inclmed 
crucible with a small flame at the back so that there is ready access of air into the 
crucible. 

2. Determination of Barium as Chromate 

Dilute the neutral solution, containing not more than 0.4 g of barium, 
to 200 ml, add 10 drops of 6 iV acetic acid, heat to boiling, and slowly 
add a slight excess of ammonium chromate solution. Prepare the 
reagent by dissolving 12.5 g of ammonium dichromate in 100 ml of 
water and adding ammonium hydroxide until the color is a clear yellow. 
Allow the precipitate of barium chromate to settle, and make sure that 
the precipitation is complete by adding a little more reagent. When 
cold, filter through a Gooch or Munroe crucible and wash with hot 
water until 20 drops of the filtrate give scarcely any reddish brown 
coloration with a neutral solution of silver nitrate. Dry the precipitate 
in the hot closet, and then heat within a larger porcelain crucible (cf. 
p. 31) until the precipitate becomes a bright yellow.^ Cool and weigh 
as BaCr 04 . 

* Cf. M. J. van’t Z. anal, Chan., 1910, 393. 

* Often some of the precipitate is reduced to chromic oxide by traces of organic 
matter, whereby it appears slightly greenish. By long-continued ignition in an 
open crucible the chromic oxide is changed bock to chromate, and the precipitate 
appears a homogeneous yellow throughout. 
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Solubility of Barium Chromate^ 

The Golubility product of barium chromate at room temperature is 2.0 X 10*“, 
which means that the saturated solution contains about 3.5 mg BaCrO^ per liter. 
The salt is about four times as soluble in boiling water. This solubility is somewhat 
greater than that of barium sulfate, whose solubility product is I.O X 10-“. Barium 
chromate is somewhat more soluble in solutions of ammonium acetate or ammonium 
nitrate but it is much less so in solutions containing ammonium chromate. 

The second hydrogen of HjCrOi has an ionization constant of 1.0 X 10“^ For 
this reason, banum chromate unlike barium sulfate dissolves readily in dilute mineral 
acids and 1 1 of 10 per cent acetic acid dissolves 0 055 g BaCrO*. 


SEPARATION OF THE ALKALINE EARTHS FROM MAGNESIUM 
AND FROM THE ALKALIES 

I, Separation of Calcium from Magnesium (and Alkalies) 

The separation of calcium from magnesium depends upon the different solubilities 
of the two oxalates. Less than 0.2 mg of CaCjO«-HiO is dissolved by 1 liter of hot, 
0.25 per cent ammonium oxalate solution, but the same quantity of hot water will 
dissolve 1 g of MgC}Oi-2HiO. Twenty grams of (NHiljCjOi-HjO will not interfere 
with the complete precipitation of calcium but, even in the presence of calcium, wUl 
prevent precipitation of Mg'*'''' when as much as 2.7 g of hlgClj-CHjO is present in 
100 ml of solution.* 

It has been known for a long time that, when calcium oxalate is precipitated in the 
presence of magnesium ions, particularly when the solution has remained for a long 
time in contact with the precipitate, some magnesium is likely to be found in the 
precipitate. This has been attributed to the formation of a solid solution of magne- 
sium oxalate m calcium oxalate, to adsorption or occlusion of magnesium oxalate,* 
or to the gradual brealdng down of a supersaturated solution of magnesium oxalate.* 
For this reason it is quite generally believed that a precipitate of calcium oxalate 
formed in the presence of magnesium ions is rarely, if ever, pure,* and therefore it is 
customary to filter off the precipitate, redissolve it in acid, and reprecipitate when- 
ever the content of magnesium amounts to more than a few miUigrams. Bach 
and W Fresenius,* however, have apparently proved that Richards* was right in 
asserting that the separation is accurate if the proper conditions are maintained. 

For the precipitation of small quantities of calcium in the presence of much magne- 
sium, three methods have been proposed. (1) The calcium oxalate is formed in 
the usual w’ay; the precipitate is filtered off, dissolved, and reprecipitated a second 
and a third time. (2) The calcium oxalate is precipitated in the presence of ammo- 
nium salt using only a slight excess of ammonium oxalate over that required by the 


* Cf P. Schweizer, Z. anal. Chem., 1890, p. 4X4, and R. Fresenius, ibid., 1890, p.418. 

* Bobtelsky and Malkow’a-Janowski, Z. angew Ckem., 40, 1437 (1927). 

* T. W. Richards, Z anorg. Chem., 28, 701 (IMl). 

* W. M. Fischer, Z. anal. Chem , 163, 62 (1926). 

‘ Cf. Lundell and Knowles, J. Am. Ceramic 5(W., 10, 834 (1927). 

* Chem. Ztg., 49, 514 (1920). 

* Loe. eil. 
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calcium. (3) The calcium oxalate is precipitated in 100 ml of solution by the addi- 
tion of 20 g of ammonium oxalate; the hot solution is filtered off after standing a short 
time, and no attention is paid to any precipitate of magnesium oxalate that forms in 
the cold filtrate after some time. When, the last method is used, the excess ammo- 
nium salts must be removed before attempting to precipitate MgNH«POv6HjO. 

Procedure. Dilute the slightly acid solution xvith hot water bo 
that not more than 0.3 g of either calcium or magnesium is present in 
300 ml. Add 10 g of ammonium chloride, if not already present, heat 
to 80-90°, and slowly add, while stirring, an aqueous solution of 2 g 
of (NH4)8C20rH20. Add ammonium hydroxide until the solution is 
slightly ammoniacal and allow the solution to stand an hour, but not 
much longer, before filtering. Fdter, wash with hot water, and continue 
as described under “ Calcium.”' 

H. Separation of Strontium from Magnesium 

This separation finds practical application In the analysis of almost all mineral 
waters and of minerals containing etrontium. In all these cases, however, stron- 
tium occurs in relatively small amounts in the presence of large amounts of calcium 
and varying amounts of magnesium, so that it b a question, first, of separating 
calcium and strontium from magnesium. This separation is effected by the piecipU 
tation of the calcium and strontium as oxalates as described on p. 24A 

The filtrate containing magnesium may also contain traces of strontium. Re- 
move ammonium salts by evaporating to dryness and heating the residue, dissolve 
this in hydrochloric acid, add sulfuric acid and alcohol, and allow the solution to 
stand for 12 hours. Filter off any resulting precipitate, consisting of strontium 
or barium sulfate, and weigh. From this filtrate precipitate the magnesium as 
magnesium ampionium phosphate as described on pp. 256-259, and weigh as the 
P 3 Tophosphatc or as MgNH^POt-OHjO. 

m. Separation of Barium from Magnesium 

If it is desired to separate only barium from magnesium, make the soluticm acid 
with hydrochloric acid, heat to boiling, and precipitate the barium by the addition of 
boiling, dilute sulfuric acid (cf . p. 247). A large excess of sulfuric acid must be avoided. 
Precipitate the magnesium in the filtrate as magnesium ammonium phosphate in 
the usual way. 

In most cases, however, a separation of barium, strontium, and calcium from the 
magnesium is involved. Precipitate the three alkaline earths as oxalates as de- 
scribed for the separation of calcium from magnesium. A few milligrams of barium 
will escape precipitation. To recover this, add a little ammonium sulfate to the hot 
solution, filter, wash, and weigh as BaSO«. In the filtrate, determine the magneaum 
ns pyrophosphate or as MgNH^PO* 6HiO (pp. 256-259). 

IV. Separation of the Alkaline Barths from One Another 

Prinriple. The mixture of the dry nitrates is treated with ether-alcohol, which 
dissolves calcium nitrate alone. The residue is taken up in water, the barium is 
precipitated as chromate, and the Btrontium is determined in the filtrate as sulfate. 
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(a) Separation of Calcium, Strontium, and Barium according 
to Rose-Stromeyer-Fresenius 

Procedure. The three metals are assumed to be present together in 
solution in the form of their nitrates. Evaporate the solution in a small 
Erlenmeyer flask, as described under “ Lithium,” p. 284, while passing a 
stream of dry, warm air through the flask. When all the water is evapo- 
rated, raise the temperature of the oil bath to 140® and maintain this 
temperature for 1 to 2 hours, still passing the current of warm air through 
the flask. Cool, treat the dry residue with 10 times its weight of abso- 
lute alcohol, stopper the flask, and allow it to stand with frequent shaking 
for 1 to 2 hours. Add an equal volume of ether, close the flask, shake, 
and allow it to stand 12 hours. Filter through a filter moistened vnth 
ether-alcohol and wash with ether-alcohol until a few drops of the filtrate 
evaporated on platinum-foil leave no residue. 

Evaporate the filtrate to dryness on a lukewarm water bath, dissolve 
the calcium nitrate in water, precipitate as the oxalate, and, after igni- 
tion, weigh as the oxide. 

Remark. If only a small amount of calcium is present (not more than about 0 5 g) 
the above separation is complete. With lai^e amounts of calcium, the residue of 
strontium and barium nitrates almost always contains some calcium In this case 
evaporate the aqueous solution again to dryness in the same way as before and 
repeat the treatment with alcohol and ether. Determine the calcium in the com- 
bined filtrates. 

(b) Separation of Barium from Strontium according to Fresenius* 

Requirements. 1. Ammonium chromate solution. Dissolve 100 g of ammo- 
nium dichromate (free from sulfate) in 500 ml of water, add 135 ml of 6 iV ammo- 
nium hydroxide solution, filter if necessary, and dilute to 1 1. 

2. Ammonium acetate solution. Dissolve 231 g in 1 1 of water, or mix equal 
volumes of G N acetic acid and 6 N ammonia, leaving the solution slightly ammoniacal 
rather than acid. 

3. Acetic acid, 6 N. 

4 Nitric acid, 2 N. 

Procedure. Dissolve the residue of strontium and barium m’trates 
obtained after the above treatment with ether-alcohol in a little water 
and dilute the solution until the concentration corresponds to about 
1 g of mixed nitrates in 300 ml, heat to boiling, add 10 drops of acetic 
acid and about 10 ml of ammonium chromate solution (this should be an 
excess over the theoretical amount nec<ssarj’), and allow to stand 1 
hour. Wash the precipitate of barium chromate by decantation, with 

* Z. anal. Chem., 29, 427 (1890); 44, 742 (1006). 
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water containing 25 ml of ammonium chromate solution per liter, until 
the wash water no longer gives a precipitate with ammonia and ammo- 
nium carbonate; then wash with hot water containing 25 ml of 
ammonium acetate solution per liter until the last washing gives only a 
slight reddish brown coloration with neutral silver nitrate solution. 

The precipitate on the filter still contains a little strontium. Care- 
fully wash it back into the vessd in which the precipitation took place, 
and dissolve any precipitate remaining on the filter in a little hot 2 N 
nitric acid, allowing it to run through the filter vessel containing the 
precipitate. Wash the filter trith hot water till free from acid. Heat 
the precipitate till it dissolves in the dilute nitric acid (about 6 ml is 
usually sufficient). Dilute the solution to 200 ml, heat to boiling, 
add 5 ml of ammonium acetate solution, little by little, and finally 
enough ammonium chromate solution to cause the disappearance of 
the odor of acetic acid from the solution (usually about 10 ml is neces- 
sary). After it has stood for 1 hour pour the liquid through a Gooch 
crucible, cover the residue in the dish with hot water, allow to cool, filter 
and wash with cold water until the filtrate gives only a slight opalescence 
vdth neutral silver nitrate. Dry the precipitate, ignite gently in an 
air bath (cf. p. 31), and weigh as BaCrOi. 

Add 1 ml of 6 JV nitric acid to the filtrate, concentrate somewhat, and 
precipitate the strontium as carbonate by the addition of ammonia and 
ammonium carbonate. The precipitate always contains some stron- 
tium chromate. Wash it once with hot water, dissolve in hydrochloric 
acid, and determine the strontium as sulfate, according to p. 246. 

The results obtained according to this method are very satisfactory. 


(c) Separation of Calcium, Strontium, Barium, and Magnesium by the 
Method of E, H. Swift' 

Itistead of removing the calcium first by treatment with alcohol and ether, the 
barium is precipitated firet as chromate from a dilute acetic acid solution which is 
buffered with ammonium acetate. Then, by making the solution ammoniacal, the 
strontium is precipitated as chromate and in this filtrate the calcium is precipitated 
as oxalate. If magnesium is present, it is found in the last filtrate and can be precipi- 
tated as magnesium ammonium arsenate. The procedure is easier to cany out than 
the separation by means of alcohol and ether, and the results are, on the whole, more 
satisfactory. 


' The method is based on the work of W. C. Bray (J. Am. Chem. Soc., 31, 611 
11909)). It is similar to the qualitative procedure which was described in the first 
volume of this book. The method has bear modified by E. H. Swift in hb System of 
Chemical Analysii as a result of experiments made at the California Institute of 
Technology. 
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Precipitation of Barium. To the dilute acid solution, such as is 
obtained by dissolving the carbonates of barium, strontium, calcium, 
and magnesium in nitric acid, add strong ammonia until the solu- 
tion reacts basic and then add nitric acid drop^ise until the solution 
is barely acid to litmus. Evaporate, without boiling, to about 35 ml, 
add exactly 1 ml of G N acetic acid from a 1-ml pipet and 10 ml of neutral 
3 N ammonium acetate solution. Heat near!)’ to boiling and, while 
shaking, add dropnise sufficient K 2 Cr 04 solution (292 g per liter) to 
impart a yellow color to the solution; 3 ml of the reagent is sufficient for 
500 mg of Ba. Allow the precipitate of BaCrO^ to settle completely 
and then filter. If there is much precipitate, keep as much of it as 
possible in the flask and wash with three 10-ml portions of hot water. 
Rcserv’e the filtrate for the determination of strontium, calcium, and 
magnesium. 

Dissolve the precipitate in 7-15 ml of cold 3 HCl poured through the 
filter into the flask in which the precipitation took place. When all the 
precipitate in the flask has dissolved, wash the filter with several small 
portions of hot water, added at the top of the filter. Add 1 ml more of 
the KsCrO^ reagent; add ammonia dropwisc until the color changes from 
orange to yellow and then 2 ml more. Add C N acetic acid until the 
original orange color returns, heat nearly to boiling, allow the precipitate 
to settle, and decant through a filter after 5 minutes. Wash the precipi- 
tate with four 5-ml portions of hot water. 

Detennination of Barium. Dissolve the precipitate in just 10 ml of 
cold C A^ IICl added dropuise to the top of the filter and running into 
the fia.sk which contains the bulk of the BaCr 04 precipitate. Wash the 
filter with four lO-rol portions of water. Break up the precipitate and 
swirl the solution until the precipitate dissolves, add 2-3 g of ICI, allow 
to stand m the dark for 5 minutes, and then titrate the liberated iodine 
with 0.1 N Na-SsOi (see “ lodimctiy ” in Cliaptcr 

Precipitation of Strontium. To the combined filtrates from the two 
BaCrO, precipitations, which should be reduced if necessary to a volume 
of GO ml, add strong ammonia until the color changes from orange to 
yellow and 5 ml in c\cc.ss. Add 3 ml more of the KsCr 04 reagent, cool, 
ami to the cold solution add 30 ml of 95 per cent ethyl alcohol. If more 
than 100 mg of strontium is prc?scnt add 3 ml more of the KjCr 04 
reagent and 10 ml more of alcohol. Ix;t the mixture stand 10 minutes 
and then decant the solulion through a filter. Without washing the 
priTipitate dissolve it in 5-10 ml of liot G A" acetic acid and wa-'^h the 
filter with hot water Neutralize the solution with ammonia and add 
2 ml of concentrattd ammoni.a in excess. Dilute to 30 ml; add 2 ml 
more of the K-CrO, reagent and 20 mi of 95 i>cr cent ethyl alcohol. 
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Filter after allowing to stand for 30-60 minutes. Wash the precipitate 
with a mixture of 1 ml concentrated ammonia and 10 ml of 50 per cent 
alcohol, added in small portions. Save the combined filtrates for the 
determination of calcium and magnesium. 

Determination of Strontium. Dissolve the SrCr04 precipitate on the 
filter in 3-5 ml of 6 iV acetic acid and catch the solution in the flask 
which contains the bulk of the light yellow precipitate. Wash the filter 
with 10-20 ml of hot water. Heat the acid in the flask until the SrCrO^ 
precipitate dissolves, dilute to 50 ml, and heat to boiling. 

To the boiling solution add 3-5 ml of 3 ^ K2C2O4 solution, make 
'sUghtly ammoniacal, and add 5 ml of ammonia in excess. Boil very 
gently for 5 minutes, cool, and allow the SrCaO^-HzO precipitate to 
settle. Decant the solution through a filter and wash the precipitate 
with S-ml portions of hot 0.6 N NH4OH solution. Dissolve the precipi- 
tate in 50 ml of hot 3 N HCl and wash the filter with 50-75 ml of hot 
water. Titrate the oxalic acid at 70-80® with 0.1 N KMnO* after add- 
ing 10 ml of the Zimmermann-Reinhardt “ preventive solution." (See 
Chapter XV.) 

Precipitation of Calcium. Precipitate the calcium in the filtrate from 
the SrCrO* precipitation as described on p. 244. The determination 
can be finished as described there or the oxalic acid can be titrated with 
KMn04 after dissolving the CaC204‘H20 in dilute sulfuric acid as de- 
scribed under “ Determination of Calcium ” in Chapter XV. 

Detennination of Magnesium. Magnesium can be determined in the 
filtrate from the CaC204’H20 precipitate as described on p. 257 or 259, 
but if it is preferred to determine the magnesium by titration it can be 
precipitated as MgNH4As04*6H20. 

To the* filtrate from the calcium oxalate precipitation, add 10 ml of 
concentrated ammonia and 10-25 ml of a solution containing 312 g of 
Na2HAs04*7H20 per liter. Allow the precipitate to settle over night. 
Filter and wash the MgNH4As04'6H20 precipitate with 1,2 N NH4OH 
until a 5-ml portion of the wash water gives no precipitate upon the 
addition of 1 drop of N Ca(N08)2 reagent. 

Dissolve the precipitate in 20-50 ml of 6 W HCI. If more than 50 mg 
of Mg is present, dilute the solution with 6 N HCl to exactly 100 ml in a 
volumetric flask. Mix and t^ce a portion of the solution containing 
30-40 mg of Mg for further analyris by means of a pipet or buret. To 
the solution in a glass-stoppered bottle add not more than 1 g.of solid 
NaHCOs in small portions and 1 g of KI. Allow the contents of the 
stoppered flask to stand 5 minutes, add 3-5 ml of CCU, and titrate very 
slowly with 0.1 N Na2S203 until, after shaking, no iodine is present in 
the CCI4, as shown by the absence of color. 
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This titrimctric determination of magnesium is based on the reduction of arsenate 
to arsenite. The reduction by means of potassium iodide takes place completely 
only when the solution is about 6 N in HCl. The solution must be titrated slowly 
as there is some danger of the strong acid reacting with sodium thiosulfate to form 
sulfurous acid and sulfur; the sulfurous acid then reacts with twice as much iodine 
as the original thiosulfate does. The addition of the sodium bicarbonate is to pro- 
vide an atmosphere of COj and prevent oxidation of the iodide by atmospheric 
oxygen. There is some danger that a precipitate of red Asl* may form if much KI 
is added. 

In the final titration, 1 ml of 0.1 N NaiS^Oi reacts with arsenic acid equivalent to 
0.001216 g Mg or 0.002016 g MgO. 



CHAPTER V 
GROXTP V OF CATIONS 

MAGNESIUM, POTASSIUM, SODIUM, LITHIUM. AND AMMONIUM 

MaGNESIOM, Mg. At. Wt. 24.32 
Fonns: MgSO^, Mg^P^Or, MgNH^PO^-eHsO, MgCCjSsNO)^ 

(a) Determination as MgSOi 

This method for the determination of magnesium can always be 
employed when the magnesium is combined Trith an acid which can be 
volatilized by heating ndth sulfuric acid, and when no basic constituent 
other than ammonium and magnesium is present. 

Place 0.6 g of the substance in a crucible and add about 2 ml of con- 
centrated sulfuric acid. Substances which react violently with con- 
centrated H 2 SO 4 should be first treated with water, and dilute sulfuric 
acid added little by little. Evaporate on the water bath as far as 
possible; dry at UO-120®; and remove the excess of sulfuric acid by 
cautiously heating the cruablc, held in an inclined portion, over a free 
flame. Finally, heat the dry mass just to redness in a covered crucible, 
cool in a desiccator, and weigh as quickly as possible, as the anhydrous 
magnesium sulfate is hygroscopic. 

(b) Determiaatioii as Magnesium Pyrophosphate 

This, the most important of all the methods for the determination 
of magnesium, is always applicable and depends upon the following 
principles : If the solution of a magnesium salt is treated with an alkali 
orthophosphate solution in the presence of ammonium chloride and 
ammonia, the magnesium is completely precipitated as magnesium 
ammonium phosphate, MgNH^POi’fiH-O, which by ignition is changed 
to magnesium pyrophosphate: 

2MgNH4PO*‘6HjO - 2 NH 5 + ISHaO + MgaPaOr 

Formerly it was common practice to predpitats magnesium amrooaium phos- 
phate in the cold. Neubaucr' showed, however, that tins sometimes leads to high 


» Z. an^cic. Chem., 189S, 439. See also Gooch and Austin, Z. anorp. Chem., 20, 121. 



DETERMINATION OF MAGNESIUM PlTtOrilOSPnATB 257 

result'? and at otlicr times the results nro lotr. Tlicy arc low n hen the precipitation 
ta^es place in stronRly ammonincal aolution^ rontaininR but little ajninonium Halts, 
particularly nhen the pho«phatc folution is nd<led slowly. Triha-sic maKiiosium 
phosphate, MKjII’O*):, containinates the precipitate. On the other hand, the results 
are too hiRh if the precipitation takes place in neutral or slightly ammoniacal solu- 
tion in the presence of considerable ninmonittm fcalts. In tliis case more or leas 
monomagnosium ammonium phosplwte, MK(NIIj)i(rOilj, is formed. Tliis com- 
pound is changed to magnesium mclaphospliatc by gentle ignition 
2Mg{\II04(PO.)i - 2 Mk(PO»), + 8N*ir, + -tlljO 

Sometimes, alien considerable ammonium aalt Is present, no precipiLation takes 
place on the addition of the ammonka, but usually the precipitate will appear after 
standing ov'cr night in the presence of 2.5 X XIIiOII, which is the appro'riinatc 
concentration obtained by fallowing the Abo>*c directions. Ilcsides t he treatment do- 
Fcril)cd on p. 2GG, three other mcthoils can l )0 recommended for removing ammonium 
salts. (1) Evaporate the solution to dtj-ness in n porcelain c.a.s.«erolo, and heat the 
dry residue until no more \'apQfs of ammonium salt arc cvolvc<l. Cool, moistcri 
the re.slduo with 5 ml of C iV hj'dfoohloric acid, brat till basic mUs are di«.solvc<l, dilute 
to alxiut 2o ml, filter and w.ash the filter with hot water until free from chloride. 
Add 5 ml of concentrated hydrochloric acid and some alkali pho«phatc. Dilute the 
solution to about 125 ml, heat nearly (o Imiling, and neutralize witli ammonia as 
directed on p. 25S. (2) Evaporate the solution to dr>mew after adding some nitric 
acid To the residue add 25 ml of water, 50 ml of concentrated nitric acid, and 
15 ml of concentrated hydrochlnnc acid, nnd again evaiwrnto to drymess.* Uy 
this treatment with aqua regia, ammonium salts are oxidized to nitrogen, rinally 
treat this residue with 5 ml of 0 A' UCI and 20 ml of water. Heat for a few minutes 
to dissolve basic salts an<l filter into a 250-ml l>cakor, Wasli the filter nith hot 
water till free from chloride, add 5 ml of eonecotrated hydrochloric oeid, dilute to 
125 ml, add I 2 g of dtammonium phosphate, nnd precipitate with ammonia as 
described on p. 2^. (3) To the neutral solution add 6 g of sodium acetate and an 
excess of bromine water Heat carefully, and odd more bromine until finally all 
the ammonium salt is oxidized. The reaction 

2Xn«+ + 3Br, + 8C,n,Or -» N, + OBr’ + 8HC*n,0, 

Will take place provided that sufficient sodium acetate onion is present to keep the 
solution buffered. 


Meifiod of B. Schmitz^ 

If the original volume is over 300 ml it is well to concentrate the 
acid solution by evaporation on the hot plate. If the solution is acci- 
dentally evaporated to domess, moisten the residue with 5 ml of 6 iV 
hydrochloric acid and enough water to dissolve ammonium salts 
which are always present when the magnesium is determined in the 
filtrate from the precipitation of calcium oxalate. If a clear solution is 
not obtained, heat to boiling and filter if necessary. Wash the pre- 

‘ J. Lawrence Smith, Am. J. Scu, 16, 94 (1853). 

*Z. anal. Chem., 66, 46 (1924) 
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cipitate (usually a little silica from the glass) once "with 2 N hydrochloric 
acid and then vrith hot water till free from chloride. 

To the acid solution add 5 g of ammonium acetate, an excess of 
ammonium phosphate, and a few drojs of phenolphthaMn solution. 
Heat the solution to near the boiling point and then slowly add 1.5 N 
ammonia water until a faint pink color is obtained and a slight precipi- 
tation takes place. Stir well for about a minute, touching the ades 
of the beaker as little as possible. When the precipitate has become 
distinctly crystalline, add more ammonia until a deep color is obtained 
with the phenolphthalein. Allow the solution to cool, then add one- 
fifth the solution's volume of concentrated ammonium hydroxide and 
allow to stand at least 4 hours, preferably over night. 

Filter into a weighed Gooch crucible- Wash the precipitate with 
1.5 N ammonia until free from chloride, and finally moisten it with 4-5 
drops of a saturated solution of ammonium nitrate in 1.5 N ammonia. 
Ignite very slowly, gradually increasing the heat until the precipitate 
is white. After cooling, weigh the MgjPaOj*. 

2MgNH4P04 « 2 NH 3 + HiO + MgaPsOj 

From the weight of the latter, the content of magnesium or of mag- 
ne^um oxide can be calculated. 

The precipitate can be filtered upon an ashless filter paper, but the 
ignition must always be gradual, in order to obtain perfectly white pyro- 
phosphate. By rapid igmtion, some of the phosphorus is reduced by 
the ammonia. This reduction is likely to injure a platinum crucible. 
Often a black precipitate can be whitened by moistening with strong 
mtric acid and carefully beating. This treatment, however, should he 
avoided by carefully igmting the precipitate. 

The precipitate has the formula MgNH^POrdHjO when formed in cold aqueous 
solutions It can be weighed in this form, and since it will then weigh about 2.2 
times as much as the corresponding weight of MgjPsO?, a slight error in the final 
weight, such as is likely to occur in igniting the precipitate, has less effect upon the 
final result. Above 60”, the stable form is MgNH«PO«*HiO, and it cmi be weighed 
as such after drying for an hour at 100” with fairly satisfactory results. 

To weigh the precipitate with its kx molecules of water, proceed as above but 
omit the treatment with ammonium nitrate solution. For filtering use a Gooch 
crucible which has been wadaed with alcohol and ether, as described below, and 
weighed. 

After removing all soluble salts by washing vrith 1.5 N ammonia, wash the pre- 
cipitate with four 5-ml portions of eUiyl alcohol, draining well after each washing. 
This serves to remove nearly all the adhering water. Then wash the precipitate 
with four 5-mI portions of ether, draining after each washing and drawing air through 
the crucible for 5 nunutes after the last washing. Then wipe off the outside of the 
cold crucible, allow it to stand in a desiccator for 20 nunutes, and weigh. Students 
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find this method of handling the predpitate the ea'siest and quickest. The results 
are good. To make sure that all soluble salts have been removed, wash the weighed 
precipitate with some 1.5 N ammonia, and then with alcohol and ether as before. 
The new weight should agree with that first obtained. 


' Method of Epperson^ 

To the neutral or slightly acid solution of magnesium chloride, con- 
taining not more than 0.1 g of MgO and having a volume of about 150 
ml, add 5 ml of concentrated hydrochloric acid and some methyl red 
indicator solution. Add 10 ml of 20 per cent (NH4)2HP04 solution 
and, while constantly stirring, concentrated ammonium hydroxide 
until the solution contains 5 ml more of this reagent than enough to 
make the solution neutral. Allow the solution to stand at least 4 hours 
or preferably over night. Filter and wash \vith 1.5 N ammonium 
hydroxide. Dissolve the precipitate on the filter by washing it alter- 
nately with small portions of hot 1.5 N hydrochloric acid and hot water. 
Add 1 ml of the ammonium phosphate solution and repeat the precipi- 
tation of magnesium ammonium phosphate as before in a volume of 
100-160 ml. Allow the precipitate to stand at least 4 hours, filter, and 
wash wth 1.5 N ammonium hydroxide until free from chloride, and then 
moisten with 4-6 drops of a saturated solution of ammonium nitrate 
in 1.5 AT ammonium hydroxide. Ignite carefully at approximately 
600”, taking care not to let the filter paper take fire, until the precipitate 
of MgjPjO? is white, and finally at 1000® to constant weight. 

By this double precipitation a normal precipitate is obtained. The 
precipitate can be weighed as MgNH4P04'H20 or as MgNH4P04'CH20 
(cf. p. 258). 


(c) Determination of Magnesium with 8-HydroxyquinoUne 


8-HydroxyquinoJine, for which the trivial name oxine has been proposed, has the 

HO 

empirical formula no C»ir«N and the structural formula I I. The hydrogen 


of the OH group is replaceable by metal, and precipitates arc produced under suitable 
conditions when the reagent is added to solutions containing ions of magnesium 
aluminum, copper, bismuth, cadmium, zinc, mercuric mercury, lead, antimony, tin, 
vanadium, uranium, iron, titanium, zirconium, tantalum, columbium, manganese 
nickel, or cobalt. The reagent, therefore, is not specific for any particular ion, but 
the solubility of the various precipitates varies enough so that it can be used for 
numerous separations. None of the precipitates are formed from strongly acid 
solutions. Some of them arc formed from solutions containing acetic acid and alkali 


^ Alice Whitson Epperson, J. Atn Chm. Soe., 60, 324 (102S). 
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acetate, some from solutions which are ammoniacal, and still others from solutions 
which are made alkahne with sodium hydroxide. Magnesium hydroxyquinolinate 
is much less soluble than the corresponding calcium compound, and pure precipi- 
tates of the magnesium compoimd can be obtained in the presence of small quan- 
tities of calcium. The greenish yellow precipitate is crystalline, easy to handle, and 
forms somewhat more readily than does magnesium ammonium phosphate, but, 
as with that compound, large quantities of ammonium salt, especially ammonium 
oxalate, prevent its formation. The precipitate can be weighed as Mg(C»H{ON)f 
2 H 2 O after drying at 105° or without the water of crystallization after drying at 
140°. Instead of weighing the precijutate, it can be dissolved in dilute hydrochloric 
acid and titrated with KBrOj-KBr solution, in which case each atom of magnesium 
is equivalent to 8 atoms of bromine, as the following equations show : 

MgCG»HBON)2-2HiO + 2HC1 = MgQi + 2CsHjON 2HjO 
CbH^ON + 2Br, « CjHsONBrj -f 2HBr 

The Br is formed when the mixture of ICBrOj and KBr comes in contact with acid; 

BrOr + SBr" + 6H+ « 3Brj -f SHjO 

The end point of the titration can be determined with indigo carmine as indicator, or, 
as is better, an excess of the KBrOj-KBr solution can be added, whereby an excess of 
Brs is provided which will react with Id and liberate iodine which can be titrated with 

HO 

NasS20» (see" lodimetry ”). The formula of the bromine compound is 1 L 

Br 

The followmg directions for determining magnesium as the hydroxyquinolinate will 
apply to a solution from which caldum has been removed as oxalate, as in the analy- 
sis of minerals * 

Oxine Reagent. Dissolve 25 g of S-hydtoxyquinoline in 60 ml of glacial acetic 
acid. Dilute the solution with cold water to 2 1. One milliliter of this solution is 
equivalent to 0.0017 g of MgO. 

Procedure. To lOOml of solutioncontaininglO-SOmgof magnesium 
add 2 g of NH4CI and 0.5 ml of 0.02 per cent solution of o-cresolphthalein. 
Neutralize with ammonia and add at least 2 ml of 6 JV NH4OH in excess. 
Heat to 70--80® and add the oxine solution until an excess is present as 
shown by the solution becoming deep yellow in color. Digest 10 minutes 
on the steam bath with frequent stirring. Filter through a weighed 
filtering crucible and wash vatb 60 ml of hot water. Dry at 105® for an 
hour, cool in a desiccator, and weigh. Repeat the heating for 0.5-hour 
periods until a constant weight is obtained. The precipitate is 
Mg(C9H6N0)2-2H20 and contains 6.988 per cent Mg or 11.56 per cent 
MgO. The use of a mechamcal stirrer while the precipitate is forming 
is helpful but not absolutely necessary. 


^Redmond and Bright, Bur. Standards J. Research, 6, 113 (1931). 
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Titrimetric Determination. Dissolve the washed precipitate in 25 ml or more of 
2 N HCl in a glass-stoppered bottle. Add 1 g of ICBr and 1 ml of 0.01 per cent 
methyl red solution. Titrate slowly with 0-1 N KBrOs solution until an excess is 
present as shown by loss of color by the indicator. Add a little CC1<, CHCls, or CSj 
and 2 g of KI. Titrate with 0.025 N Na&Os solution until, after shaking, no free 
iodine is shown to be present. 

Analysis of Limestone, Dolomite, or Portland Cement 

Portland cement is made by heating limestone with a clay rich in silica. The 
cement, therefore, contains the non-voIatile constituents of both materials. It 
represents a silicate completely decomposable by dilute mineral acid. In the analy- 
sis of limestone, not much undecomposable silicate is likely to be present, and the 
three important determinations are: lime, CaO; magnesia, MgO; and carbon 
dioxide, CO,. In a commercial analysis, the residue insoluble in dilute acid is often 
weighed and called " insoluble material the precipitate obtained with ammonium 
hydroxide is ignited and weighed as '* combined oxides " consisting chiefly of FcjO, 
and AljOa In the analysis of portland cement the procedure is similar except that 
special care is necessary for the determination of the silica, the iron is usually deter- 
mined, the corresponding w’eight of Fe,0, is deducted from the ignited ammonium 
hydroxide precipitate, and the difference Is called alumina. This precipitate may also 
contain a little manganese, titanium, and traces of silica and phosphoric anhydride. 
With Portland cement, the determination of carbon dioxide is unimportant but sulfate 
is usually determined because a little gypsum is commonly used in the preparation of 
the cement, but the calcium sulfate content should be kept low and specifications are 
rigid with respect to this point. The testing of portland cement also includes certain 
physical tests in addition to the chemical analysis which alone concerns us here. 

The American Society for Testing Materials has adopted a standard set of speci- 
ficationsi for portland cement, Including its physical and chemical testing. The 
chemical methods recommended were those formulated by a committee who made 
a special study of this analysis. The following directions are based upon the report 
of the committee, but the procedure has been modified slightly in minor details and 
no attempt is made to reproduce the same wording. This scheme of analysis is 
given partly because of the technical importance of portland cement and partly 
because it has proved a satisfactory procedure to place in the hands of students as 
representative of a complete analysis. 

The mode of procedure adopted by the above-mentioned committee called for 
two evaporations for the removal of the silica. In the discussion of the method, 
however, it w as pointed out that, by heating the residue at 120®, not correcting for 
impurities by the hydrofluoric acid treatment and not correcting the subsequent 
precipitate formed by ammonia for small traces of silica, results are obtained which 
are within the permissible analytical error of the correct values. In fact, by this 
more rapid method, a compensation of errors takes place and the results are often 
better than if the same operator attempted to carry out the analysis with the utmost 
precision possible 

The committee also recommended the use of platinum dishes and platinum cru- 
cibles as far as possible. The advantages gained are obidous, but the price of plat- 
inum has become so high that it is the duty of every practical chemist to avoid the 
use of platinum utensils w Iierevcr possible The errors introduced by using por- 


» Proc. Am Soc. Testing Materials, 12, 301-^28 (1912). 
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celiun instead of platinum are insignificant in most cases, although greater care must 
be taken to allow crucibles to cool before placing them in desiccators, and a longer 
time should elapse before weiglung. 

The original directions call for two precipitations of the calcium and for two 
precipitations of magnesium. This is unessential in the commercial testing of port- 
land cement provided that the conditions recommended are carefully fulfilled. The 
directions apply equally well to the analysis of limestone. 

Procedure. Weigli accurately to the nearest 0.1 mg about 0.5 g of 
limestone or cement into a 250-ral porcelain casserole, cover vith 40 ml 
of water, and add 20 ml of 6 iV hydrochloric acid, breaking up with 
a stirring rod any lumps that may form. Cover the casserole wth a 
watch glass and digest about 15 minutes on a hot plate imtil the cement 
is decomposed completely. Rinse off the bottom of the cover glass with 
a little water and evaporate to diyness on the water bath. During the 
evaporation have the cover glass raised above the top of the casserole 
by means of a glass support. Heat the casserole and dry the residue 
in a hot closet at 120**.^ 

Silica. Moisten the residue with 10 ml of 6 iV hydrochloric acid, 
warm slightly, and add 150 ml of water. Cover the casserole with a 
watch glass and digest 10 imnutes at a temperature near the boiling 
point. Filter into a 300-ml beaker; wash twice \vith 2 N hydrochloric 
acid and then with hot water till free from chloride. Transfer the moist 
precipitate, and filter to a weighed porcelain crucible with the paper 
folded so that the precipitate is entirely covered.^ Smoke off the filter 
paper at a low heat mthout letting the paper take fire (of. p. 40). 
Finally ignite at the full heat of the M6ker burner until a constant 
weight is obtained of a perfectly white precipitate. Report as “ insolu- 
ble residue ” in the analysis of limestone or as “ silica ” in the analysis 
of Portland cement. 

, Precipitation of Iron and Aluminum. To the filtrate and washings 
add ammonia solution until a slight ammoniacal odor persists after 
blowing away the vapors. Heat again just to boiling, and promptly 
filter off the precipitate of Fe(OH )3 and Al(OH) j. Wash the precipitate 
6 times with small portions of hot water. Reserve the filtrate for the 
calcium and magnesium determinations. 

1 At this temperature, the silica acid becomes dehydrated so that it is practically 
insoluble in dilute acids. The presence of the calcium chloride from the cement 
helps the dehydration. The quantity of rihea that passes into the filtrate is negligible 
and more than balanced by that obt^ned from the reagents and dishes. The residue 
should not be baked too hard At higher temperatures, combination, of basic mag- 
nesium salt and siheic acid takes place and alununa is made very insoluble. 

* Dry silica is very pulverulent and eaaly lost if the gases from the paper escape 
too violently, as when it takes fire. 
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Sometimes the precipitate contmns a little calcium carbonate from 
the carbon dioxide in the air and often a little magnesium hydroxide. 
Wash the precipitate back into the casserole, place the casserole under 
the funnel, pour 5 ml of hot 3 N hydrochloric acid on the upper edge 
of the filter, and wash the filter with a little hot water. Continue the 
treatment mth acid and water until all the precipitate left on the filter 
is dissolved. Finally wash the filter with a little dilute ammonia. 
Precipitate with ammonia just as before, filter through the original 
filter, and wash this second precipitate till free from chloride. Ignite 
the second precipitate wet in a porcelain crucible and weigh as FccOs -f- 
AI2O3, neglecting the small quantities of TiOj, PsOs, and Mn 304 which it 
may possibly contain. Unite the filtrate with that obtained from the 
first precipitate. 

In the analysis of limestone, the weight of this precipitate will usu- 
ally be small. The iron content will often arise from a little ferrous car- 
bonate present in the sample. Disregard this fact and simply report 
the percentage of “ combined ojddes ” present. 

In the analysis of Portland cement, the precipitate after ignition 
should be largely AljOa, and it is customary to regard it as AlsOj -f 
a little FejOs. The quantity of the ferric oxide should be determined by 
titration, as follows: 

Ferric Oxide. Transfer the ignited precipitate to a small beaker. 
Dissolve the traces that remain adhering to the crucible by heating 
small portions of 6 W hydrochloric acid in it, finally pouring each por- 
tion into the beaker. Use 20 ml of acid in all. Do not at any time 
dilute the hydrochloric acid until all the iron in the beaker is dissolved. 
Heat the acid ^Nnth the iron and aluminum oxides at about 90° until 
all the iron has dissolved (cf. p. 170). 'When a clear solution is obtained, 
place the beaker on a filter, reduce carefully with stannous chloride, and 
determine the iron content by the Zimmermann-Reinhardt process 
(Chapter XV) . Compute the percentage of FejOa present, and subtract 
this from the above weight of the oxides to get the percentage of AljOs. 

Calcium Oxide. Make the combined filtrates acid with acetic acid, 
bring to a volume of about 400 ml, heat to 80-90°, and slowly add, while 
stirring, 30 ml of hot 0.5 N ammonium oxalate solution. Slowly add 
ammonium hydroxide until the solution is slightly ammoniacal, and allow 
the precipitate to stand an hour, but not much longer, before filtering 

If considerable magnesium is present in the solution, some magnesium 
oxalate will come down with the calcium oxalate. If, therefore, more 
than 10 per cent of MgO is present in the substance analyzed, it is best 
to redissolve the calcium oxalate precipitate and repeat the precipi- 
tation, using a paper filter for filtering off the precipitate. When all 
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the solution has passed through the filter, wash the precipitate with about 
15 ml of hot water. Then rinse the precipitate back into the original 
beaker by holding the funnel in an inverted position and directing a 
stream of hot water against it. Replace the funnel in the support and 
wash the filter with about 25 ml of hot 3 N hydrochloric acid. Heat 
the acid in a test tube, pour it upon the upper edge of the paper, and 
catch the liquid as it runs through the filter in the beaker contaimng 
the precipitate. Finally wash the filter with a little hot water (and with 
dilute ammonia if it is to be used again for filtering the next precipitate). 
Heat the dilute acid in the beaker and add a little more acid if necessary 
to dissolve the precipitate completely. Dilute the solution to about 250 
ml and repeat the precipitation of the oxalate at the boiling tempera- 
ture, adding ammonia and 5 ml more of the ammonium oxalate reagent. 
Since the solution already contains oxalic acid equivalent to the calcium, 
only a little more reagent is necessary. 

The calciam content of the precipitated calcium oxalate can be determined in 
various ways, all of which give good results. 

1. The filtered precipitate corresponds to the formula CaCjO*-H:0. It can be 
weighed in this form without difficulty because the water of crystallization is retained 
even after long heating at temperatures slightly above the boiling point of water. 

2. It can be weighed os anhydrous calcium oxalate. To accomplish this it has 
been recommended that the precipitate be heated at 200-300'^ for some time. 

3. It can be converted to calcium carbonate by beatbg to dull redness. The 
reaction 

CaCjO«-»CaCO, + CO 

takes place at about 400®, but Foote and Bradley* have shown that it is safe to heat 
at 675-800“ if the precipitate is in a tubulated crucible and a current of COj is con- 
stantly led through the crucible while it is being heated. The common way of 
accomplishing the decomposition is to heat for some time to dull redness, cool, 
moisten with a little ammonium carbonate reagent, and again heat carefully until 
no more odor of ammonia is perceptible. For the first heating, 2 hours in a muffle 
at 500“ has been recommended, and, after the treatment with ammonium carbonate 
solution, drying at 110“ is sufficient. 

4. After the ignition to calcium carbonate (and it does no harm if some calcium 
oxide is formed), the precipitate can be dissolved in a measured volume of 0.5 N 
hydrochloric acid and the excess titrated with, 0.6 N sodium hydroxide to a 
methyl orange end point. 

5. By strong ignition, calcium carbonate is changed to calcium oxide, which can 
be weighed. This method of handling the calcium oxalate precipitate is generally 
regarded as the best. Quantitative conversion can be accomplished in a covered 
platinum crucible by heating 1 hour with the full heat of a good TitriE burner. 
The crucible should be covered loosely to prevent unnecessary loss of heat. A 
much shorter period of heating is necessary over a M4ker burner or the blast lamp. 
A muffle heated to about 1000* can be used to advantage. The conversion of cal- 


‘J. Am. Chem. Soe., 48, 676 (1926). 
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cium oxalate to calcium oxide cannot be accomplished by heating in an open for- 
celain crucible over a Bunsen burner, and it requires a very long time to accom- 
plish the conversion by heating in a covered porcelain crucible over a large M^ker 
burner. The determination as oxide, therefore, is not to be recommended unless a 
muffle furnace or a platinum crucible is avmlable. 

6. The original calcium oxalate precipitate can be dissolved in dilute acid and 
the liberated oxalic acid titrated with potassium permanganate solution. This is 
one of the most popular methods and gives good results For this method of analy- 
sis, the precipitate should not conttdn over 0 1 g of calcium In Portland cement 
analysis, therefore, an aliquot of the filtrate from the iron and alumina precipitation 
should be taken or an aliquot of the soluUon of the calcium oxalate precipitate in 
acid. To take an aliquot of any solution, dilute it to a definite volume in a volu- 
metric measuring-flask. After diluting to the mark, mix the solution by pouring 
it back and forth at least four times, using a beaker which is clean and dry at the 
start. Then, by means of a pipet or a smaller measuring-flask take out at once one 
or more fractional parts of the entire solution for furtlier analysis. Thus the filtrate 
from the ammonia precipitation can be diluted to exactly 500 ml, the solution mixed 
and 50 ml (= one-tenth) taken for the calcium determination. The word aliquot 
in mathematics designates a number that •will dmdc a larger number without leaving 
a remainder In analytical chemistry it is used to represent an exact simple fraction 
of the whole sample taken for analysis. 

Weighing as CaCjO^'HjO. Use a weighed Gooch crucible for col- 
lecting the calcium oxalate precipitate. Wash the precipitate tvith hot 
0.25 per cent ammonium oxalate solution until 3 ml of the washings 
gives no test for chloride on adding HNOj to an acid reaction and a few 
drops of AgNOa reagent. Then, with gentle suction, wash with six^5-ml 
portions of hot w'atcr, four 5-ml portions of ethyl alcohol, and four 5-ml 
portions of ether. Drain off each portion of wash liquid before adding 
more. Finally draw air through the washed precipitate for 5 minuses; 
wipe off the outside of the crucible and allow it to remain in a desiccator 
15 minutes before w’cighing. The originally empty crucible should be 
washed, dried, and weighed in exactly the same way. The precipitate 
contains 38.39 per cent CaO. Save the filtrate for the determination 
of magnesium, preferably without the alcohol and ether w'ashings. 

Weighing as CaO. Use an ashless paper for collecting the pre- 
cipitate. Wash the precipitate with hot water until free from chloride, 
and save the filtrate for the magnesium determination. Transfer the 
precipitate to a weighed platinum crucible. Ignite carefully with the 
flame at the mouth of the crucible until the precipitate is dry, and then 
heat with a small flame at the base of the crucible until all the paper is 
decomposed without letting it take fire. Then gradually raise the tem- 
perature and heat over a TirriU burner for an hour with the crucible 
in an upright position and covered. Cool to about 100®, place in a 
desiccator, and weigh after 15 minutes. Repeat the heating until after 
cooling a constant weight is obtained. The calcium oxide is somewhat 
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hygroscopic but is not difficult to wei^ if it has been washed free from 
chloride. Call the weight constant if it agrees within 0.2 mg with the 
previous weight. 

Titration with Permanganate. Either a paper filter or a Gooch cruci- 
ble can be used. After the precipitate has been washed free from chloride, 
transfer the precipitate together xvith the filter to a 400-mI beaker and 
dissolve the precipitate in 100-ml of warm 3 N sulfuric acid. Titrate 
at 70® with potassium permanganate as described in Chapter XV for 
the standardization of permanganate i^ainst sodium oxalate. 

' Magnesium Oade. Make sure that the precipitation of CaCjOi'HjO 
was complete by adding 5 ml more of ammonium oxalate reagent. 

At this stage, the solution will contain considerable ammonium salt. Ammonium 
salt is necessaiy to prevent the precipitation of Mg(OH)j with the hydroxides of non 
and aluminum, and it also helps to prevent precipitation of MgCjOi- If the above 
procedure has been followed closely and only one precipitation of calcium oxalate 
made, which is permissible when the magnesium content is low, the magnesimn can 
be precipitated as MeNH«PO«'0HiO widiout removal of ammonium salts. It then 
is merely necessary to make the hltratc from the calcium oxalate precipitation acid 
with HQ, concentrate to about 300 ml by heating on the hot plate at a temperature 
somewhat below the boiling point, and precipitate with (NH 4 )tHP 04 as will be 
described. If the solution should accidentally be evaporated to dryness, moisten 
the residue with strong HCl (to dissolve MgCjO* or a basic salt), dilute to dissolve 
the ammonium salts, beat to boiling, and filter. Filtration is necessary because some 
silica is always present cither from the reagents or from the action of the reagents on 
the beakers used. 

Ammonium salts in small quantities are desirable in precipitating magnesium, but 
when considerable o.xslate or ammonium chloride is present it will prevent precipita- 
tion o! quite appreciable quantities of MgNH 4 P 04 - 6 Hj 0 . Far that reason, mag- 
nesium is often missed in qualitative analysis, and it is quite common for chemists 
to report too low values for magnesium. It is safest always to remove excess ammo- 
nium salts by evaporating with nitric acid; the ammonium ion is oxidized to nitrogen 
gas. It is well to remember that approximately 6 N HCl and 15 N HNOi are 
constant-boiling acids, and approximately these concentrations are obtained when 
dilute solutions of these acids are evaporated. 

Procedure. Add 75 ml of concentrated HNOa to the combined fil- 
trates and washings from the CaC 204 -Ha 0 precipitation, and evaporate 
to drj’ness on the steam bath or hot plate. Do not boil the solution or 
there will be loss by spattering. Keep the beaker covered wth a watch 
glass supported above the upper rim of the beaker. A glass triangle, 
or glass supports which are made for this purpose, should be used to 
support the watch glass. To the small residue obtained, add 2 ml of 
concentrated HCl and 25 ml of water. Heat nearly to boiling, and, after 
a few minutes, filter off the silica reridue through a small filter. Wash 
the beaker, and filter thoroughly with hot water. The silica comes from 
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the action of reagents on reagent bottles or on the beakers used in the 
analysis. 

Dilute the solution to about 150 ml; add about 1.2 g of (NHOeHPO^ 
dissolved in a little water and a few drops of phenolphthalein indicator 
solution. Heat nearly to the boiling point, and then slowly add 1.5 N 
ammonia water until a faint pink color is obtained and a slight precipi- 
tation takes place. Stir well for about a minute, touching the sides of 
the beaker as little as possible. When the precipitate has become dis- 
tinctly crj'stalline, add more ammonia until a deep color is obtained \vith 
the phenolphthalein. Allow the solution to cool, then add one-fifth the 
solution’s volume of concentrated ammonium hydroxide and allow to 
stand over night. Continue the analysis by one of the following three 
procedures. 

(a) Weighing as MgNHtPO^-dHjO. Prepare a Gooch crucible with 
a suitable asbestos mat for filtering. Rinse out the crucible under 
gentle suction, with four 5-ml portions of alcohol followed by four 5-ml 
portions of ether. Draw air through the crucible for 5 minutes to evapo- 
rate the ether, wipe off tlio outside with a clean cloth, allow to stand in a 
desiccator over calcium chloride for 15 minutes, and then weigh care- 
fully. Decant off the mother liquor from the magnesium ammonium 
phosphate precipitate through this weighed crucible, wash the precipi- 
tate three times by decantation with 1.5 N NH^OH (concentrated 
NH^OH, d 0.00, diluted with nine times as much water), end transfer 
the precipitate to tlio crucible. Use a rubber policeman to remove the 
precipitate from the sides of the glass beaker. Wash the precipitate 
\rith the 1.5 N NH4OH until the filtrate gives no test for chloride when 
made acid uath nitric acid and treated Aritli a few drops of silver nitrate 
solution. To collect filtrate for this test, place a test tube in the suction 
fla.'.k nndcmcatli the filter funnel. It is important that all the ammo- 
nium chloride should be washed out of the crucible before washing with 
alcohol and clhcr. Finally wash four times with 5-ml portions of alcohol, 
followed by four 5-ml portions of ether. Draw air through the crucible 
for 5 mlnutc.s, wipe off the outside of the crucible with a clean cloth, 
and wcigli after it has remained in a desiccator 15 minutes. The precip- 
itate contains 10.-13 per cent of MgO. 

(b) Weighing as MgNHiPOi-HiO. Proceed exactly as in (a) but 
omit the trc.atment with alcohol and ether. After prep.aring the Gooch 
crucible with a Fuitablca.cbcstos mat, place it in a small covered beaker 
and allow it to remain in the drying oven at 100* for at least an hour. 
Cool 15 minute.*! in a desiccator, and weigh carefully. After filtering off 
and wa.‘«hing the magnc>ium ammonium phosphate precipitate uith 
1.5 iV N1I40U till free from chloride, place tlic crucible in a small 
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covered beaker and allow it to remain an hour in the drying oven at 
100®, but make sure that the oven does not exceed this temperature by 
more than one degree. The precipitate contains 15.65 per cent MgO. 

The hexahydratc changes to the nionohydrate at about 50®. While 
drying 1 hour at 100®, there is no appreciable decomposition of the 
monohydrate. If, however, the temperature is raised, or the precipitate 
is kept at this temperature for a long time, an appreciable decomposition 
takes place and there is a loss of some ammonia as well as water. 

(c) Weighing as MgjPiOj. This is the classic method of weighing the precipi- 
tate, and the literature furnishes abundant proof of the fact that accurate results 
can be obtained. On the other hand, it is one of the hardest tasks that the beginner 
in analytical chemistry has to perform, because it is only by careful ignition that a 
pure, white residue can be obtained. If the precipitate is ignited too rapidly, a 
dark-colored ash is obtained. This is caused sometimes by incomplete combustion 
of the filter paper and sometimes by a reduction of the phosphate by the hot ammonia 
vapors that are being expelled. If the precipitation has taken place in the presence 
of sodium salts, sometimes a little sodium salt is absorbed by the precipitate and it 
melts during the ignition to form a coating which makes it difficult to bum all the 
carbon of the paper. Because of the difficulty involved and the fact that good results 
are possible, this determination os magnesium pyrophosphate furnishes good experi- 
ence to the be^ner. 

2MgNH4PO,-6HjO -* 13HiO + 2NHi + Mg^PjO, 

Use an ashless filter paper for filtering off the magnesium ammonium 
phosphate precipitate. After washing it with 1.5 N NH4OH, exactly 
as described under (a) , moisten it \vith a saturated solution of ammonium 
nitrate in 1.6 N ammonia, dry, ignite slowly and carefully, and weigh. 

The precipitate contains 36.21 per cent MgO. 

The conversion of magnesium ammonium phosphate to magnesium pyrophosphate 
can also take place in a Gooch crucible. The crucible and its asbestos mat should 
be heated to about 800® and cooled in a desiccator before weighing it. After trans- 
ferring the precipitate to the crucible and washing out all soluble salts, it should be 
dried at about 100® and then heated to about 800® for at least 15 minutes. If a 
muffle furnace is available this offers no difficulty. If the heating takes place over 
a free flame, a piece of platinum foil or the lid of a platinum crucible should be placed 
underneath the crucible so that the flame does not come into direct contact with the 
precipitate. 

Alkalies. If it is desired to determine the alkalies the J. L. Smith 
method should be used (Chapter XII). 

Loss on Ignition. Heat 0.5 g of the cement for 5 minutes in a plati- 
num crucible over a low flame, then heat strongly for 15 minutes. The 
loss in weight usually repr^ents CO2 + H2O. 

Sulfuric Anhydride. Fuse, in an iron crucible, 0.5 g of cement 
with 2 g of sodium peroxide and an equal weight of sodium carbonate, 
protecting the contents of the crucible from the flame as directed on 
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p. 314. After the fusion, extract the soluble salts by treatment witli 
hot water. Filter, make acid with hydrochloric acid, and evaporate 
to dryness on the steam table. Moisten the residue with 5 ml of 0 jV 
hydrochloric acid, dilute with 200 ml of water, and filter. Wash 
thoroughly, and precipitate the sulfate in 400 ml of boiling solution by 
the addition of barium chloride (Chapter XI). Filter, ignite, and 
weigh. Report as percentage of SO 3 , 

Potassium, K. At. Wt. 39.090 
Forms: KCI, KjSO,, K.PtCl,, KCIO,, and K.NaCoCNO,). 

1. Determination as Potassium Chloride 

This compound is chosen for the determination of potassium w lien it is already 
present aa such, or if the salt to he analyzed can be changed to chloride by evapora- 
tion with hydrochloric acid. If the potassium is present as sulfate it may be trans- 
formed to chloride by precipitation of the sulfate with barium chloride (sec Chapter 
XHi “ Silicate Analysis ”) ; if it is present as the phosphate, the phosphoric acid may 
be precipitated as basic ferric phosphate (\'oI. I); or, finally, if it is present as chro- 
mate the CrO«“ ions may be reduced to chromic ions by evaporation with hydro- 
chloric acid and alcohol and then precipitated by ammonia and filtered off. 

In almost all tliese cases it is a question of separating the potassium chloride from 
the aqueous solution and usually of separating it from ammonium chloride os well. 

Procedure. Evaporate the solution to dryness on the water bath 
in a platinum or thin porcelain dish, stirring frequently as soon as tho 
salt begins to separate out in order to hasten tho evaporation of the 
enclosed water. In spite of long-continued heating and continual stir- 
ring, however, it is not possible to expel all the water enclosed within tho 
crystals; to accomplish this, heat the covered dish in a hot closet or 
drying oven for at least an hour at about 135^. Then remove tho W'atch 
glass and heat carefully over a small flamo until no more vapors are 
evolved, taking care not to heat too strongly because of the danger of 
volatilizing some potassium chloride. Usually there is a little carbon 
in the residue, 'due perhaps to a little p 3 Tidine in ammonia used in tho 
analysis. Treat the residue with a little water and filter through a 
small filter into a weighed crucible or dish, preferably of platinum. 
Add a few drops of hydrochloric acid, carefully evaporate to dryness, 
and remove the last traces of moisture by drying and heating as before. 
Cool, weigh, and repeat the heating until a constant weight is obtained. 

2. Determination of Potassium as Potassium Sulfate 
This method is chosen when the potassium is already present in 
solution as the sulfate, or when it is in such a form that it can be readily 
changed to sulfate by evaporation with sulfuric acid; it is most fre- 
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quently used for determining the amount of potassium in combination 
with organic acids. No other cation except ammonium can be present. 

Since the sulfate of potassium is much less volatile than the chloride, 
it is advisable to choose this method if no other metal is present. On 
the other hand, when it is necessary to separate potassium from sodium, 
it is preferable to have the potassium in the form of the chloride. 

To determine the quantity of potassium in an organic sail, treat a known 
weight of the salt in a large, waghed crucible with a little concentrated 
sulfuric acid. Heat exactly as in igniting a moist precipitate (see p. 39), 
with the crucible in an inclined position and with the flame directed 
against the cover of the crucible. Thick, white fumes of sulfuric acid 
are soon evolved; as soon as these begin to diminish in quantity gradu- 
ally move the flame toward the base of the crucible, and finally heat to 
dull redness until no more vapors arc given off. The mass remaining 
in the crucible now consists of KiS 04 and K 2 S 2 O 7 . The latter com- 
pound can be converted by stronger ignition into KjS 04 with loss of 
SOa, but as this procedure involves a slight loss of potassium it is prefer- 
able to add a little solid ammonium carbonate, by means of wMch the 
excess of sulfuric acid is converted into ammonium sulfate, which is 
readily volatile and can be decomposed at a much lower temperature. 

3. Determiaafion of Potassium as Potassium Chloroplatinate 

This and the follo^g two methods are useful for determining potassium in the 
presence of sodium salts. Rubidium, ceaum, and ammonium ions must be absent, 
as their chloroplatinates, perchlorates, and cobaJtinitrites are insoluble under con- 
ditions which otherwise serve for the determination of potassium. The chloroplat- 
inate method 15 generally considered to be the best way of determining potassium in 
the presence of sodium although the reagent is expensive. Although it is true that 
the platinum can be recovered quite easily from the precipitates and filtrates yet it 
takes considerable time to work up the residues into fresh reagent. The method is 
based upon the insolubility of potassium chloroplatinate in 80 per cent ethyl alcohol. 
Fresenius and Brinton* have shown that the solubility of potassium chloroplatinate 
is so slight that no allowance for dissolved K,PtCl» is necessary if the volume of the 
filtrate and washings is kept at 50 to 75 ml. In the following procedure it is assumed 
that 0 25 g or less of alkali chlorides contmning no ammonium, rubidium, or cesium 
salt is to be analyzed. 

Procedure. Dissolve the weighed chlorides (0.25 g or less) with 5-10 
ml of hot water in a small porcel^n dish. Add enough chloroplatinic acid 

* Z. anal. Chem., 60, 21 (1911); E. H. Archibald and his coworkers (J. Am. Chem. 
Soc., 30, 755 [1908]) found that 100 ml of 80 per cent ethyl alcohol will dissolve 
KiPtCl* equivalent to 2 0 mg KiO, but the loss during an analysis will be con- 
siderably less than this value because the presence of HjPtCl* and NajPtCU in the 
filtrate will lower the solubility of the K»PtCI«. 
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to combine with all the alkali present, assuming, to be on the safe side, 
that the sample is all sodium chloride. Of the usual reagent, containing 
10 g of dissolved platinum in 100 ml, 1.7 ml should be used for each 0.1 g 
of chloride. Enough water should be present to dissolve any precipitate 
of KjPtClg when the contents of the dish are heated on the water bath.^ 

Evaporate the solution on a water bath until the contents of the dish 
are sirupy and solidify on cooling. To the residue add 10 ml of 80 per 
cent ethyl alcohol (by volume) and break up the mass of crystals into a 
fine powder by means of a stirring rod or a platinum spatula. Decant 
the liquid through a filter moistened with alcohol, and repeat the treat- 
ment of the residue with 2-mI portions of alcohol until the filtrate runs 
through completely colorless and the salt remaining in the dish 
assumes a pure, gold-yellow color without any orange-colored 
particles CNajPtCls-GHjO), 

Try not to get much if any of the precipitate upon the filter. Drj' 
the dish and filter a few minutes to remove the alcohol, transfer the 
precipitate to a w'cighed crucible or very small dish, and wash out the 
oripnal dish with several small portions of hot water poured through 
the above-mentioned filter. Evaporate to dryness on the steam bath, 
and heat for 30 minutes in an air bath at 135®, with the crucible or dish 
covered to avoid loss by decrepitation. Cool and weigh the K 2 ptCl 8 . 

Notes. 1. \Mien, as is commonly the case, the above procedure is used to deter- 
mine potassium in the presence of sodium, it is advisable to add sufiicient H»PtCle to 
convert both sodium and potassium to chJoroplatinates. Sodium chloroplatinate is* 
considerably more soluble in alcohol then sodium chloride To lessen the require- 
ment of chloroplatinic acid, Smith and Shead (/. Am Chem. Soc., 64, 1722 [1032]) 
recommend first adding perclilonc acid to the aqueous solution of sodium and potas- 
' ’ ’ * " '* >4. The residue 

ore than enough 

■ it is not neces- 

sary to form Na,PtCli. 

Tins procedure w useful for dclcnmning small quantities of potassium in the pres- 
ence of considerable sodium. (Cf. G. L. Smith and J. L. Gring, J. Am. Chem. Soc 
65, 3957 [1933]), 

2. Instead of weighing the K,PtCI. it has been recommended that it be heated 
strongly in a stream of hydrogen. The reaction 

KiPtCl. + 211, « 4Ha -f Pt + 2KC1 

l.aV.es place, and the KCl content can be calculated by determining the quantity of 
nCl evolved, the weight of the residual mixture of KCl -h Pt, the weight of the KCl 
obtained by evaporating the aqueous ettract of the residue, or by weighing the Pt 
alone after dissolving out the KCl with water. Values based upon such detennina- 

‘ A convenient bath is obtained by placing the dhh on a beaker half filled with 
water, ^liicli b kept just below the boiling point by a flame beneath the beaker or by 
a hot plate. ^ 
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tions are usually a little lovr- Hicks, J. Ind. Eng. Chetn., 5, 650 (1913), recommends 
dissolving the KjPtCle in hot water, adding 4 ml of concentrated hydrochloric acid 
and 0.5 g of magnesium wire for each 0.2 g of K. When the action subsides a little 
more acid is added to dissolve the magnesium and the residual platinum is filtered 
off into a filtering crucible, washed with hot water, heated strongly, and weighed. 

3 For determining very small quantities of potassium, Cameron and Failyer, J. 
Jim. Chem. Soc , 26, 1063 (1903), recommend a colorimetric method based on the for- 
mation of red KjPtle. Isolate the potassium as K:PtCl», as in the procedure recom- 
mended above, but instead of weighing it dissolve the washed precipitate in a little 
hot water and 1 drop of concentrated hydrochloric acid. Add an excess of strong 
potassium iodide solution (at least 5 times as much as is theoretically necessary), 
wait 4 hours, and then compare the red color with that obtained similarly with knoam 
quantities of potassium. 

4. L. A. Hill, J. Am. Chem. Soc., 26, 990 (1903), has recommended a colorimetric 
method which is based upon the yellow color formed when a solution containing a 
little KsPtCle is reduced with stannous chloride. With this method he determined 
from 1 to 21 parts of KiO per million parts of water, and the values were within 10 
per cent of the truth. 

4. Determination of Potassium as Perchlorate, KCIO*^ 

Principle. The perchlorates of sodium and lithium are soluble in 97 per cent alco- 
hol but the perchlorates of potassium, rubidium, and cesium are practically insoluble. 
Usually the quantities of rubidium and cesium present ore negligible. 

Ammonium salts and sulfates must not be present on account of the difficult solu- 
bility of ammonium perchlorate and of sodium sulfate in alcohol, but a little phcfr 
phatc docs no harm, as both sodium perchlorate and phosphoric acid are soluble in 
alcohol. 

Many experiments by the agricultural chemists of the United States show that 
the method is nearly, if not quite, as accurate as the chloroplatinate method. It 
requires a httlo more attention to details, but the reagent is much less expensive. 

In the analysis of fertilizers, the Association of Official Agricultural Chemists 
lecommenda placing 2.5 g of sample on a l2.&-cm filter paper in a funnel and dis- 
solving the soluble salts by treating with small portions of hot water until about 200 
ml of filtrate is obtained. Then 5 ml of concentrated hydrochloric acid is added 
and the sulfate precipitated by barium chloride. The solution is diluted to exactly 
250 ml in a calibrated flask, and, after mixing thoroughly, a little of the solution is 
filtered through a dry filter and exactly 50 ml of filtrate taken for the rest of the 
analysis. 

By taking a fairly large portion for analysis and then using an aliquot part, a 
more representative analysis is obtained if the sample is not perfectly uniform. It is 
assumed that the actual volume of precipitate can be neglected, and no attention is 

^ Schlosing-Wense, Z. angew. Chem., 4, 691; 6, 233; 6, 68; Landtv. Vcr. Sla, 
69, 313; 67, 145; J. Am. Chem. Soc., 36, 2035. Cf. also U, S. Chem. Bull. 152; 
Baxter and Kobayashi, J. Am. Chem. Soc., 39, 249 (1917); 42, 735 (1920); Davis, 
J. Agn. Sei., 6, 52 (1912); Gooch and Blake. Am. J. Sci., 44, 381 (1917); T. D. 
Jarrell, J Assoc. OiRciaMgri. CAem., 4, 76-77 (1920-21); H.H. Willard, /.Am. 

Soc , 34, 1480 (1912); H. H. WUbrd and G. F. Smith, ifnd., 44, 2816 (1922); 46, 293 
(1923); G. F. Smith, thid., 47, 762 (1925); G. FrSmithand J. F.Ross, ihtd ,47, 774 
and 1025 (1925). 
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paid to adsorption of solute by the precijntate or by the filter paper. Such effects 
must be considered when pure substances are to be analyzed with the greatest possible 
accuracy, but when the weight of precipitate is small or the percentage of desired 
constituent low it is permissible to neglect the volume of precipitate and adsorp- 
tion, especially as the errors tend to compensate one another. 

SOLTJBILITT OF ALKAU PERCHLORATES 


(100 ml of solvent, dissolve at 25®) 


Salt 

Water 
g/100 ml 

CHjOH 
g/100 ml 

C,H,OH 
g/100 ml 

rt-Butyl 
Alcohol 
g/100 ml 

Ethyl 
Acetate 
g/100 ml 

NaClO, . 

113 9 

35.9 

11.13 

1.50 

8.43 

LiCIO 

47.42 

89.4 

79.4 

49.3 

63.4 

NH.CIO,.... 

21 91 

5.27 

1.49 

0.014 

0.029 

KCIO, 

2 04 

0.0830 

0 0004 

0.0036 

0.0013 

RbClO,. 

1.33 

0.0172 

0.0071 

0.0016 

0.0014 

CsClO* 

1 96 

0.0734 

0 OOSG 

0 0048 

0.001 


Procedure. If the solution to be analyzed contains sulfate, it is 
advisable to remove it. To about 70 ml of solution (containing not 
more than 0.5 g of potassium salt) add 1 ml of concentrated hydro- 
chloric acid, heat to a gentle boil, and add hot 0.5 N barium chloride 
solution drop by drop until no further precipitation occurs. Wait 15 
minutes; filter off the barium sulfate, and wash it nith hot water. 

If ammonium salts arc present, evaporate to dryness in a porcelain 
dish and ignite carefully till all ammonium salts are decomposed. Cool, 
rinse down the sides of the dish with a little water, again evaporate, and 
ignite at a temperature below redness. Dissolve the residue in about 
20 ml of w^ater and transfer to a 150-ml Pyrex beaker. 

Method 1 

Two methods for carrying out the perchlorate separation of potassium (rubidium 
and cesium) from sodium (and lithium) will be given. 

The first method depends upon the use of ethyl alcohol containing a little per- 
chloric acid to make the perchlorate of potassium practically insoluble. This is the 
common method H. H Willard, however, prefers to make use of normal butyl 
alcohol, and many chemists follow this procedure.* 

1 Normal butyl alcohol is CH,.CH, CH, CII,OH. The word normal is used 
to distinguish it from its isomers (CH,),.CH, CH,OH (called isobutyl alcohol), 
CHj CH, CHOH CH, (called secondary butyl alcohol), and (CH,),-COH (called 
tertiary butyl alcohol) To show that the word normal does not refer to normal 
concentration, the small letter n will be used in the directions, whereas N will signify 
normal in the sense of concentration. 

* Cf Hillebrand and Lundell, Applied Inorganic Analysis 
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Add 5 ml of perchloric add, d 1.12, contmnmg 20 per cent HCIO 4 , 
and evaporate carefully till salts separate. Add 10 ml of hot water, 5 
ml more of perchloric acid, and again evaporate on a water bath and 
finally on a sand bath. If dense fumes of perchloric acid are not evolved, 
repeat the addition of water and perchloric acid until dense fumes are 
obtained by evaporation. Cool to below room temperature and add 
20 ml of 97 per cent alcohol contaiiung 0.2 per cent of perchloric acid 
and saturated with potassium perchlorate.^ Crush the precipitated 
KCIO 4 with the end of a stirring rod and allow to stand for 30 minutes, 
preferably with the dish resting in ice water. Filter through a Gooch or 
Munroe crucible that has been dried at 120-130® and weighed. 

If only a small precipitate is obtmncd, it is safe to wash and weigh 
it at once without purification provided that no considerable quantity of 
other salt is present in the alcoholic solution. Unless the absence of 
much sodium or other salt is assured, decant the solution through the 
filter and wash the crystals 3 times with small portions of alcohol con- 
taining 0.2 per cent of perchloric acid. Then dissolve the crystals 
in a little hot water, add 1 ml of perchloric acid, evaporate, and treat 
as before. Transfer the pure potassium perchlorate to the weighed 
filtering crucible, and wash with small portions of cold alcohol* which is 
saturated with KCIO* besides contmning 0.2 per cent of HCIO*. Dry 
at 130® for an hour and weigh. 


Method 2 

In this procedure the alkali perchlorates are digested with a mixture of n-butyl 
alcohol and ethyl acetate in which the perchlorate of potassium (rubidium and 
cesium) is insoluble. After filtering ofif the potassium perchlorate, the sodium can 
be precipitated as sodium chloride by adding a solution of hydrogen chloride gas 
dissolved in butyl alcohol. Then, if lithium b present, it can be weighed as sulfate 
after evaporating the filtrate from the sodium chloride precipitation. 

To the solution of chlorides add 2 or 3 times as much of 9 perchloric 
acid as is theoretically necessary to convert the chlorides to perchlo- 

* One hundred milliliters of the alcohol containing perchloric acid will dissolve 
2.8 mg of KCIO4. If considerable NaClO« is present it tends to salt out a little 
KCIO4 from the saturated alcoholic solution. When considerable sodium salt is 
present, therefore, it is advisable to wash the first precipitate with a little alcohol 
containing no potasaum perchlorate, dissolve the precipitate in a little water, and 
repeat the precipitation. The small quantity of sodium salt adhenng to the par- 
tially washed KCIO4 precipitate will do no barm the second time. (Cf. Davis, 
J. Agr. Set., 6, 52, 512; Gooch and Blake, Am. J. Sci., 44, 381; Baxter and Koba- 
yashi, J. Am. Chem. Soc., 42, 725.) 

* Baxter and Kobayashi have shown that it is advisable to cool the wash alcohol 
to 0^ and to keep the volume of the washings as small as possible. 
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rates (not less than 1 ml in any case). Evaporate to dryness on the 
hot plate, at a temperature not exceeding 350®, and expel any acid con- 
densed on the side walls of the beaker by playing a free flame against 
the outside. Cool, wash down the sides of the beaker with 3 to 5 ml of 
hot water, and again evaporate to dryness on the hot plate. Cool; 
add 10 to 20 ml of a mixture of equal parts by volume of n-butyl alco- 
hol and ethyl acetate. Digest on the steam bath‘ for 2 or 3 minutes 
and then cool to room temperature. 

Decant the liquid through a previously ignited and weighed filtering 
crucible and wash the precipitate 3 times by decantation with 5-ml 
portions of the alcohol-acetate mixture. Rcserv'e the filtrate and wash- 
ings if it is desired to make a direct determination of sodium. 

Dissolve the residue in the crucible with a very little hot water, catch- 
ing the solution in the original beaker. Again evaporate to dryness. 
Add 10 ml of the butyl aicohol-acetatc mixture; digest and cool as 
before. Filter through the original crucible, which has been dried 
meanwhile. Transfer the precipitate to the crucible and wash 10 to 15 
times with less than 1-mI portions of the alcohol-acetate mixture. Dry 
the beaker and brush any particles of potassium perchlorate into the 
crucible. Dry an hour at 110® and 15 minutes at 350®. Cool and 
weigh as KCIO^. 

Remark. The precipitation of potassium as perchlorate can be accomplished In 
the presence of most other cations except ammonium, rubidium, and cesium. The 
precipitate should be easily soluble in hot water. In the analysis of fertilizers it is 
often recommended to dissolve the precipitate in hot water, dry, and weigh again to 
see if any other insoluble substance was present w’ith the precipitated potassium per- 
chlorate 

6. Determination of Potassium as Cobaltinitrite, E2NaCo(N02)8 

Sodium cobaltinitrite is probably the most sensitive precipitant of potassium 
ions in aqueous solution, Biilmann* was able to detect 0 0009 mg. of potassium in 
the presence of 4000 eqtiivalents of sodium. Since de Koninck* recommended the re- 
action in 18S1, the quantitative determination of potassium as cobaltinitrite has been 
studied by many chemists, most of whom have been able to get satisfactory 
results. 

Produced under ideal conditions, the precipitate, formed in dilute acetic acid solu- 
tion with a considerable excess of the reagent, corresponds to the formula KjNaCo- 
(NOOi, with 17.93 per cent of potassium, equivalent to 21.59 per cent KjO. From 
saturated bTaCI solutions, the precipitate has the formula K»Na,[Co(NOj)j],, 

‘ Be careful not to use a free flame because if the combustible vapors catch fire a 
dangerous explosion will result. 

» Z. anal Chem., 39. 2Si (1900). 

* /bid, 20, 390 (ISSI). 
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The reagent sodium cobaltimtrite w not very stable, and the composition of the 
precipitate varies somewhat when produced under different conditions. For this 
reason, Vurtheim and others have recommended the use of empirical factors, and 
the Association of Official Agricultural Chemists has abandoned the method although 
many of its cooperating cliemists obtained excellent results. 

The precipitate can be filtered, dried at 110“,^ and weighed without decomposition; 
it may be dissolved and the cobalt detemuned electrolytically;^ the nitrite maybe 
determined volumetrically;* or the volume of the precipitate may be measured in a 
graduated centrifuge tube. 

Reagent. Dissolve 28.0 g of cobaltous nitrate crystals and 50 nd of glacial 
acetic acid in enough water to make 600 ml of solution. Dissolve 180 g of sodium 
nitrite in 500 ml of water. Keep these two solutions separate until the day before 
the analysis is to be made, then mix equal volumes, shake or stir well, allow to stand 
over night in a glass-atoppered bottle, and filter just before using. 

Procedure. The potassium solution should contain the equivalent 
of 0.25 g KGl, or less, in a volume of 25 ml. For this weight of potas- 
sium salt use 40 ml of the filtered reagent. For smaller quantities of 
potassium, use less solution and less reagent but never less than 10 ml 
of either. Sliake the mixture vigorously for several minutes, or, better 
still, stir mechanically for 30 minutes and allow to stand over night. 
Filter through a Gooch crucible; wash with 10 per cent acetic acid until' 
the filtrate comes through colorless and then wth 95 per cent alcohol. 
Dry at 110° for 2 hours. 

Remark. The presence of sodium salts in considerable excess does no harm. 
Most other cations can be removed by adding sodium carbonate solution. Ammo- 
nium salts should be removed, when present, by evaporating to dryness and gently 
igniting the residue. In fertilizer analysis, o fairly large sample should be taken and 
an aliquot part used for the potassium determination after the removal of ammonium 
salts and precipitation of other cations with sodium carbonate. Clcrfeyt tested the 
method and obtained satisfactory results with materials containing from 5 to C2 
per cent of KjO. In most cases the agreement between the cobaltinitrite method 
and the chloroplatinate method was nearly, if not quite, as good as is usually obtained 
with duplicate analyses by the chloroplatinate method. When these directions are 
followed, the method appears to be rapid, exact, and economical. 


^Dissolve the precipitate in dilute hydrochloric acid, boll to decompose the 
nitrite, and carry out the electrolysis as d^cribed under *' Cobalt,” 

* Boil the washed precipitate with dilute sodium hydroxide, filter off the cobaltic 
hydroxide, make the filtrate acid, and titrate with permanganate as described in 
Chapter XV, ” Analysis of Nitrous Acid 1 ml of 0.1 JVKMnO< = 0.000785 g K,0. 
Another method — Wash the precipitate into a measured volume of hot perman- 
ganate solution diluted with 10 times as much water. After 5-0 minutes make 
acid with 6 N n,SO« and titrate the excess permanganate with standard oxalate 
solution. In this case, I nd O.I N Kbln04 = O.000S5G g KjO. 
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6. Determination of Potassium in a Silicate* 

Most silicates are decomposed by treatment wdth hydrofluoric acid in the pres- 
ence of a dehydrating agent such as sulfuric acid, concentrated hydrochloric acid, or 
perchloric acid The perchlorates of all the common cations, except those of potas- 
sium and ammonium, are soluble in alcohoL 

Procedure. To about 0.3 g of silicate in a platinum crucible add 
1.5 ml of 2 A^HC 104 and 3-4 ml of 48 per cent HF. Evaporate to 
dense fumes of HCIO 4 , heating at a low temperature on a sand bath in 
a larger crucible or in a wire gau 2 e chamber made by bending some 
fairly fine-meshed copper or bronze gauze and inserting a triangle to 
hold the crucible. Cool, add water to fill about two-thirds of the cruci- 
ble, heat just to boiling, filter, and wash thoroughly with hot water. 
Evaporate the filtrate till fumes of HCIO 4 ore again obtained. Cool and 
add 25 ml of 97 per cent alcohol. Break up the residue wdth a stirring 
rod,^ and filter through a Gooch crucible. Wash the precipitate with 
1 per cent perchloric acid in alcohol. Transfer the washed precipitate 
and the asbestos mat to a filter and wash thoroughly nith hot w'oter to 
dissolve the KC104* Some insoluble salts are usually left on the filter. 
To the filtrate add 1 ml more of perchloric acid, evaporate to fumes, 
and treat with alcohol when cold. Usually the precipitate is now pure 
KCIO4. Filter, wash with 1 per cent perchloric acid in alcohol, dry 
for 1 hour at 110®, and weigh as KCIO4. 

Sodium, Ka. At. Wt. 22.997 

Forms s NaCl, Xfa 2 S 04 , NaZn(U02)3(CjH302)9’6H80j 
NaMg(U02)3(C2H302)9-6|H20 

1. Determination as Chloride, NaCl 

The procedure h the same as described under " Potassium " (p. 269), 
but there is not so much danger of loss by volatilization. The chief 
difficulty lies in avoiding loss by spattering when the crystals containing 
water break by the pressure exerted by the steam formed inside the 
crj'stals. This can be avoided by heating the residue from the evapora- 
tion in a hot closet at 120-130® before attempting to heat the dish con- 
taining the chloride over a free flame to drive off any ammonium salts 
that may be pre.^ont. Dishes of platinum or of fused silica are suitable 

(192V ^ 

» Tills is important. If the crystals arc not fine, it t\-ill be necessary to repeat 
the following punfication process. 
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for the determination, and evaporation to dryness is accomplished con- 
veniently by placing the dish on a beaker half full of water kept gently 
boiling. 

2. Determination as Sulfate, Na 2 S 04 

The procedure is the same as described under “ Potassium ” (p. 269). 
The sulfate is heavier than an equivalent weight of the chloride, and it 
can be heated to a much higher temperature without fear of loss. The 
sulfate is easily obtained by evaporation with sulfuric acid provided that 
no phosphoric, boric, arsenic, silicic, tungstic, or other non-volatile acid 
is present. The last of the sulfuric acid is retained tenaciously and 
requires treatment with ammonium carbonate for its complete expulsion. 
The sulfate is slightly hygroscopic. 

3. Determination as Sodium TJranyl Zinc Acetate 

Principle. The solubility of the triple acetate of sodium, uranyl, and zme in pure 
water is fairly great; 5.85 g of the salt dissolves in 100 ml of water. Under proper 
conditions, however, as little as 0.013 mg of sodium can be detected by the formation 
of the yellow precipitate or turbidity, and the test is about five times more sensitive if 
the reaction takes place under ultraviolet light and the precipitate is recognized by its 
bright greenish-yellow fluorescence; the reagent itself shows no fluorescence. The 
procediire to be described is excellent for the determination of 0 5 to 50 mg of sodium 
in the presence of not more than 2 mg of lithium or 0.2 g of potassium. The precipi- 
tate is too bulky to be used for larger quantities. 

Reagents. Uranyl Zinc Acelate. Mix equal volumes of solutions (o) and (6), 
allow to stand 24 hours to remove any precipitate formed from impurity in the rea- 
gents, fflter, and preserve in a Pyrex bottle. 

Solution (a). Mix 10 g of U0i(CtH»02)r2Hj0, 6 ml of 30 per cent acetic acid, 
and SO ml of water; heat until the solid dissolves. 

' Solution (f>). ^Iix 30 g of Zn(CjHjOj)-3H*0, 3 ml of 30 per cent acetic acid, and 
50 ml of water; heat imtil the solid is dissolved. 

Besides these, ether or acetone and some ethyl alcohol which has been shaken 
with pure sodium uranyl zinc acetate at room temperature until saturated with the 
salt are required. 

Procedure. To about 5 ml of aqueous solution containing not more 
than 8 mg of sodium or 0.1 g of potassium add 10 ml of uranyl zinc ace- 
tate solution, mix, and allow to stand for 30-60 minutes. Filter through 
a filtering crucible, drain dry, and wash the precipitating vessel and 
crucible with five to eight 2-ml portions of the reagent, always draining 
out all the liquid before adding another portion. Now wash 5 times with 
2-ml portions of 95 per cent alcohol saturated with the precipitate and 
then with five 2-ml portions of ether or acetone. Finally draw air 
through the crucible for 5 minutes, wipe off any condensed moisture on 
the outside, cool in the balance case for 10 minutes, and weigh. The 
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precipitate contains 1.495 per cent sodium. The results are said to be 
within 0.5 per cent of the actual content. 

Remarks. 1. Instead of weighing the precipitate, the luanium content can 
be determined by titration with standard disodium hydrogen phosphate (35 g 
NajIIPO<'l2IItO per liter) using potassium fcrrocyanide test paper (filter paper 
dipped in 10 per cent potassium fcrrocyanide solution and dried) as an outside in- 
dicator. Moisten the precipitate with 2-2 5 ml of glacial acetic acid and dissolve 
it in 40-50 ml of hot water. Titrate at 00® with the phosphate solution until a 
drop of the clear solution, free from any uranyl phosphate precipitate, will not give 
a brown color when placed on a piece of the test paper. The precipitate formed is 
UO:HPO,. 

2. If more than 2 mg of lithium is present it should be removed, and this is best 
accomplished by precipitation ns iluonde The excess fluoride must then be removed 
by evaporating in platinum with hydrochloric acid. This is accomplished as follows:* 

To not more than 0.1 g of the salt add 10 ml of water and 5 ml of 95 per cent 
alcohol. After the salt has dissolved, add 5 ml of 10 per cent ammonium fiuoridc 
solution to which a little ammonium hydroxide has been added to decompose any 
fluosilicate which is likely to be present in the reagent. After standing for at least 
20 hours, filter off the precipitate of UtFt and wash it 6 times with 2-ml portions 
of 50 per cent alcohol containing 06 per cent of ammoniacal ammonium fluoride. 
Evaporate the filtrate to drj-ness in a platinum dish and moisten the residue with 
6 ml of concentrated hydrochloric acid. Evaporate to dryness and repeat this 
treatment with hydrochloric acid twice more, after which it can be assumed that the 
final, dry residue contains neither lithium nor fluoride 

3 If more than 0.2 g of potassium is present, the greater part should be removed 
by treatment with perclJorate. Tliis treatment also serves to remove rubidium 
and cesium which, however, cause less interference. To determine sodium in com- 
mercial potassium chloride, dissolve 1 g of the salt in 6 ml of water and add a hot 
solution of 2 g of NII4CI04 in 3 ml of water. Cool to room temperature, filter, 
and wash the precipitate 5 times with 2-ml portions of 95 per cent alcohol. Evapo- 
rate to diyncs.*!, heat strongly, and determine sodium in the residue. 

4. The presence of phosphate or arsenate interferes with the determination of 
scKlium n.s complex acetate. They should be removed by treatment with “ mag- 
nesia mixture.” Evaporate the fiUmtc to dryness, heat to expel ammonium salts, 
trc.at the residue with hot water, filter, and use the filtrate for the sodium determina- 
tion. 


4. Detennination as Sodium Magnesium Uranyl Acetate 

Die precipitate contains 1.527 per cent of sodium. It serves for the determination 
of so<liuin m quantities of 0 5 to 50 mg hut is so bulky that it is unsuit.able for larger 
qumtitic-s. The presence of more than 2 mg of lithium or 0 2 g of potassium causes 
interference and high results; email quantities of rubidium, cc«ium, ammonium, or 
alkaline c-arths do no h.arm r!io<ph.'itcs and arsenates must be absent. 

Reagent D\w>lve, separately, R5 g ol U0,(C,lI,0,), 3H,0 and 500 g of 
in I 1 of nonnal arctic acid. Heat c.arh solution to nliout 70®, 
mix at this tcmiKrature, and allow to cool to 20®. Keep at this terapemture for at 
l(wl an hour and filter. In this way 2 I of rc.sgcnt is obtained, of whicli 100 ml 

* Cf. Il.nrlwr and KoltbofT, J. Am. Chdn. 61, 3233 (1029). 
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should be used when the quantity of sodium present is 10 mg or less and in all cases 
10 ml is desirable for each milligram of sodium likely to be present. 

Procedure. Concentrate the aqueous solution, preferably of chlo- 
rides, to 5 ml, or less, if there is no separation of solid salt. Add 10 ml 
of reagent for each milligram of probable sodium content, with not less 
than 100 ml in any case, place in a beaker of water at 20®, and stir 
vigorously for 30-35 minutes. Filter into a weighed Gooch, Munroe, or 
glass filtering crucible and wash with 5-ml portions of 95 per cent ethyl 
alcohol which has been saturated with solid uranyl-magnesium-sodium 
acetate. (If ordinary 95 per cent ethyl alcohol is used, assume that 
each 5 ml dissolves 1 mg of the precipitate.) Dry at 105® for 35 minutes 
and weigh. 

Separation of Sodium and Potassium 

The separation of the alkali cations from one another is somewhat of a problem 
because most salts of the alkalies are fairly soluble in water. The elements lithium, 
rubidium, and cesium are not present in common minerals to an appreciable extent 
so that ordinarily the chemist is concerned chiefly with the determination of only 
sodium and potassium. In gcocral, it may be staled that the compounds of rubidium 
and cesium resemble those of potassium, and when a potassium salt is less soluble 
than the corresponding sodium salt, the rubidium and cesium salts will be still less 
soluble. The relationship between increasing atomic weight and soIubiUty helps 
one to remember the relative solubilities. 

The salts of potassium which are distinctly less soluble than the corresponding 
sodium salts, and which have been proposed for the identification and determination 
of potassium ions, are the chloroplatinate, KjPtCh, the perchlorate, KC104, the 
cobaltinitrite, KjNaCo(NOj)«, the acid tartrate (cream of tartar), ICHC|H«Oj, and 
the double sulfate with zirconium, 2Zr0i-K20*(S0i)2. The first of these compounds, 
potassium chloroplatinate, is practically insoluble in alcohol whereas the anhydrous 
sodium chloroplatinate dissolves in alcohol. By adding sufficient chloroplatinic 
acid, HzFtCU, to combine with both the sodium and potassium and evaporating to 
dryness, it is possible to convert a mixture of sodium and potassium chlorides into 
one of chloroplatinates and then the sodium chloroplatinate can be dissolved m 
alcohol leaving behind the potas^um chloroplatinate which can be dried and weighed 
(cf. p. 271). This method is perhaps the oldest and best known for separating 
sodium and potassium. It is still widely used but is costly, owing to the high price 
of platinum and the time required to recover this element from the precipitates and 
mother liquors. Moreover, the composition of the precipitate does not always 
correspond exactly to the formula KjPtCl* The method is not so accurate as is 
sometimes assumed. 

The separation by means of sodium cobnltlnitrlte reagent has received considerable 
attention in the literature (cf. p. 275)./ The precipitate of potassium cobaltinitrite 
is much less soluble than potassium chloroplatinate; it can be weighed as 
KiNaCo(NOi)j, the cobalt content can be determined electrolytically, or the nitrite 
content by oxidation with permanganate- The cobaltinitrite method for separating 
potassium and sodium was recommended by de Koninck,* and since then many 


iZ. anal. Chem., 20, 390 (1881). 
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chemists have testified to its usefulness. The reagent, however, is not very stable, 
and the composition of the precipitate is not always the same. 

The precipitation of potassium by zirconium sulfate in a concentrated, neutral, 
aqueous solution has been recommended; it furnishes a means of separating sodium 
and potassium which is a promising one. According to Reed and Withrow* the 
precipitation of potassium can take place in the presence of sodium, ammonium, 
lithium, rubidium, and cesium ions, but this statement is contradicted by Yajnik and 
Tandon,* who have found it possible to precipitate rubidium and cesium quantita- 
tively by means of zirconium sulfate in a neutral solution. 

A method often used for estimating the sodium and potassium content in a weighed 
portion of their chlorides is to determine the chloride content by titration with silver 
nitrate solution or by adding a measured volume of silver solution and titrating the 
excess silver n ith thiocyanate solution (Chapter XVII). This method is rapid but not 
altogether satisfactory because the chloride content of potassium chloride does not 
differ sufficiently from that of sodium chloride; any error in the titration js multi- 
plied nearly eightfold in estimating the composition of the original mixture. 

Probably the most reliable method for analyzing a mixture of sodium and potas- 
sium chlorides is the modification of the perchlorate method which has been worked 
outbyH H. Willard and his associates (cf.p 272). Thesodiumcontentcanbedeter- 
mined from the original weight of the NaCl + KCl after deducting a weight of potas- 
sium chloride equivalent to that of the potasrium perchlorate found, or the 6trato 
from the potassium perchlorate precipitate can be evaporated to remove the ethyl 
acetate and the sodium precipitated as chloride by adding a solution of hydrogen 
chloride in butyl alcohol. 

To determine tiio sodium, evaporate the combined filtrates and wash- 
ings from the potassium perchlorate precipitation till the volume is not 
over 20 ml at the most and all the ethyl acetate has been removed. 
Heat to 80 to 90°, and add dropwisc, with stirring, 2 ml of a 20 per 
cent solution of hydrogen chloride in n-butyl alcohol (prepared by 
passing dry hydrogen chloride into 200 ml of butyl alcohol for 2 hours; 
the density of the solution is 0.905), Then add 6 ml more of the 
HCl-alcohol solution, cool to room temperature, filter off the pre- 
cipitated sodium chloride, and wash 8 or 10 times with 1-ml portions 
of G to 7 per cent solution of hydrogen chloride in butyl alcohol. Dry 
15 minutes at 110° and then for 5 minutes at 000°. Cool and weigh as 
NaCl or dissolve the salt in water and titrate the chloride (sec Chanter 
XYIl). 

Lithium, Li. At. Wt. 6.94 
Forms: IijSO« and LiCl 

The determination of lithium in the form of the above salts is carried 
out m practically the same way as that of potassium. It should be 
mentioned, Iiowevcr, that on evaporating a lithium salt with conccn- 

‘ J Am Chem. 5oc, M, 10G2 (1929) 

* J. Indian Chan Soc , 7, 257-290 (1930). 
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tratcd sulfuric acid the acid salt, IiHS 04 , is formed, which on gentle 
ignition (even without the addition of ammonium carbonate) is changed 
to difficultly volatile Li 2 S 04 . 

Since lithium chloride is a very hygroscopic salt, it is necessary to 
weigh it out of contact with moist air. To accomplish this, place the 
platinum crucible, after being gently ignited, together with a glass- 
stoppered weighing beaker in a desiccator which is provided with a 
calcium chloride tube. After they have assumed the temperature of 
the room, quickly place the crucible within the beaker, and stopper. 
Allow the weighing beaker to stand for 20 minutes in the balance case 
and then weigh. Place the salt in the crucible and repeat the above 
process. 


Determination of Lithium in the Presence of Sodium 
and Potassium 

Two methods for determining the lithium content of a mixture of the chlorides 
of sodium, potassium, and lithium have already been pointed out (pp. 274, 279). 
In one, the potassium was removed first as KCIO 4 , then the sodium as NaCl, and 
the lithium was determined in the filtrate as Li^Oi. In the other method, the 
lithium was removed first os LiiFj. Most methods for separating lithium from the 
other alkalies are based upon the fact that the solubility of lithium chloride in various 
solvents is usually greater than the solubilities of the chlorides of sodium and potas- 
sium. 

The method of Gooch^ depends upon the fact that lithium chloride is soluble in 
anhydrous amyl alcohol. Rammelsberg's* method is based on the solubility of 
anhydrous lithium chloride in a nuxture of equal parts alcohol and ether. Kahlen- 
berg and Krauskopf’s® method depends upon the fact that lithium chloride is soluble 
in pyridine containing less than 3 per cent water. Brown and Reedy* used dry ace- 

/°\ 

tone, and Sinka® used diethylene oxide (also called dioxan, CH* CHi). 

I I 

CHs CH, 

\)/ 

Gooch’s method is the oldest and best known, but the pyridine method of Kahlen- 
berg and Krauskopf does not require correction for the solubility of lithium chloride; 
both methods suffer because of the odor and physiological effects of the reagents. 
The procedure of Brown and Reedy and that of Sinka are easier to carry out than the 
other methods; judging from the published data, all the methods are about equally 
accurate. 


1 Proc. Am. Acad. Arts Sd., 22 [N. S 14], 177 (1886). 

* Fogg. Ann., 66, 79 (1845). Cf. S. Palkin, J. Am. Chem. Soc., 38, 2326 (1916). 
*J. Am. Chem. Soc., 30, 1104 (190S). 

* Ind. Eng. Chem., Anal. Ed., 2, 304 (1930). 

anal. Chem., 80, 430 (1930). 
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(o) Gooch's Method 

Principle. Anhydrous LiCl is soluble in anhydrous amyl alcohol 
(10 ml of cold amyl alcohol dissolves 0.66 g LiCO vjhile KCl and NaCl 
are difficultly soluble in this liquid (10 ml dissolves 0.3 mg NaCl and 0.4 
mg KCI). 

Procedure. Place the concentrated solution, containing not more 
than 0.2 g LiCl, in a 50-ml Erlenmcyer flask, add 5-0 ml of amyl alco- 
hol (boiling point IBS'*), and carefully heat on an asbestos plate. The 
aqueous solution at the bottom of the beaker soon begins to boil and 
the water vapor escapes through the upper layer of amyl alcohol. To 
prevent loss by bumping at this point, it is well to pass air through 
the liquid during the boiling; the water evaporates more quickly and 
without bumping. As soon as all the w’ater has been boiled off, the 
chlorides of sodium and potasrium separate out and nearly all the 
lithium chloride dissolves in the alcoholic solution. During the evapo- 
ration of the aqueous LiCl solution, however, some LiOH is formed by 
hydrolysis, and this compound is Insoluble in amyl alcohol. To dissolve 
it, add 2-3 drops of concentrated hydrochloric acid, boil 2 or 3 minutes, 
and filter while still warm through a small asbestos filter. The insoluble 
residue is composed of sodium and potassium chlorides. Wash it with 
hot amyl alcohol, wliich has been boiled. Evaporate the filtrate to dry- 
ness, and dissolve the residue in a little water and a little dilute sulfuric 
acid. Filter off the carbonaccfous residue into a weighed platinum 
crucible, evaporate as far as pos-siblc on the water bath, remove the 
excess of sulfuric acid by gentle heating over a flame (the crucible being 
placed in an inclined position), and tlicn weigh. The lithium sulfate 
thus obtained will contain small quantities of potassium and sodium 
sulfates if the corre.^ponding cations arc present. To correct for tlic.se 
impuritie.s subtract O.OOO-ll g for cveo' 10 ml of the filtrate (exclusive 
of the alcohol u.^cd in w.a.«!hing the residue) if only sodium cliloride Is 
pre.«cnt, 0 00051 if only potas.«iium chloride is present, and 0.00092 if 
lioth sodium and pota.‘>>ium chlorides arc preisent. 

If only 10-20 mg of lithium chloride was present in the original 
salt mixture, then, after filtering and washing with amyl alcohol, dis- 
solve the residue in a little water, repeat the above treatment, and 
determine the lithium in the combined filtrates. 

(li) Itamvxehhrrg's Method {Modified by S. PalKin) 

Principle. Anliydrou-s litliium cliloridc Is soluble in a mixture of 
nlrohol and etlier, whereas the chloridea of sodium and pota-ssium arc 
pmetir.allv iiiKiluble. 
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Procedure. Dissolve the chloride in a little water (not over 1.5 ml 
for 0.5 g of salts) in a tall beaker. Add 1 drop of conceotrated hydro- 
chloric acid to react with any liOH that may be formed by hydrolysis, 
and introduce gradually, while rotating the contents of the beaker, 20 ml 
of absolute alcohol; drop the alcohol into the center of the solution and 
not down the sides of the beaker. This should cause the deposition of 
granular sodium and potassium chlorides. While still rotating the 
beaker, add 60 ml of ether and allow the mixture to stand 5 minutes or 
until the precipitate has settled well and the supernatant liquid is 
nearly clear. Filter through a filtering crucible, wash with a mixture of 

1 part alcohol and 4 or 5 parts ether and set the crucible aside. Evapo- 
rate the filtrate in an Erlenmeyer flask on the steam bath. Take up the 
residue in 10 ml of absolute alcohol and heat if necessarj^ so that practi- 
cally everjrthing dissolves. If a film remains, remove it by scrubbing. 
Rotate the flask while adding 50 ml of ether, add 1 ml concentrated 
hydrochloric acid, rotate, and let stond half an hour with frequent 
rotating. Filter through the same crucible that was used before, wash 
with ether-alcohol, dry, ignite gently, and weigh the residual chlorides 
of sodium and potassium. 

To determine the lithium, carefully evaporate the filtrate on the 
steam bath, take up the residue in a little water, transfer to a weighed 
platinum or quartz dish, add a little sulfuric acid, evaporate to dryness, 
heat to about 600®, and weigh as LiSOi. 

(c) Separation by Pyridine, Method of Kahlenherg and Krauskopf as 
Modified by Mellor 

Evaporate the solution of 2 g or less of the chlorides to dryness, add 

2 drops of concentrated hydrochloric acid, and again evaporate. Digest 
the residue with 25 ml of boiling anhydrous pyridine for 5 to 10 minutes. 
To prepare a suitable reagent, dry commercial pyridine over potassium 
hydrojade and redistil; use the fraction that boils between 114® and 
116®. 

After adding the pyridine, break up any large masses of salt with the 
end of a stirring rod. Let settle, filter through a small filter, and wash 
with 5 ml of hot pyridine; catch the filtrate in an Erlenmeyer flask. 
Dissolve the residual sodium and potassium chlorides in a little water 
containing a drop of hydrochloric acid, again evaporate, and repeat the 
above treatment to remove any residual lithium chloride. With large 
quantities of sodium and potasrium chlorides and very little lithium 
chloride, evaporate and extract with pyridine once more. Evaporate off 
the pyridine from the filtrate, add a little sulfuric acid, transfer to a 
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woiRhcd platinum or silica dish, c\*aporatc to drjmcss, drj’ at 110-120®, 
and carefully heat until the mass fuses slightly'. Cover the dish, to 
prevent loss by spattering as the melt cools, and weigh as Li 2 S 04 . 

(d) Method of Broten and Reedy 

Evaporate the solution of chlorides to drj’ncss in a platinum or silica 
dish. Drj' for an hour at 110-120®, and then carefully ignite to expel 
ammonium salts. Weigh the residue of alkali chlorides. Add 25 ml of 
drj' acetone and 1 drop of concentrated hydrochloric acid. Stir well, 
allow the residue to settle, and decant tlirough a filter. Wash the residue 
8 times with b-ml portions of acetone. Dissolve the residue in a little 
water and again evaporate and extract with acetone. If neccs-sarj' 
repc'at thi.s once more. Evajiorate the combined filtratc.s in a weighed 
platinum or quartz dish to remove tlic acetone, take up the residue in a 
little uatcr, add some sulfuric acid, evaporate drj', and weigh as LiSO^. 

Indirect Determination of Lithium and Sodium or 
Lithium and Potassium 

The mixture of the two chloride#! is weighed and the chlorine dctci> 
mifU'd either gravimctrically or volumctrically. 

Separation of Potassium, Rubidium, and Cesium 

HiitiMliuta ftTnl rithcr prr^nl nlont', tan Ijo dtlcrmintd by any of 

Il.t inf’tli'wli for potwiiiin. Tlit Fallibility of the rlilnrophtin.'itcs, 

colnltjnitnli'^, and jx'rr}ilonil<*< of nilmliiim nnd cc*iufTi is 1 p<« than that of the po* 
tA.<*iuin r-dt Tilt «)unlit.ati%c fejnr.atiim dovriluxl in Vol. I of this liook is probably 
n.< (j<tr>.l M nny tint has Ixvn dtviH'il. In tliM procwliirr, Fulfatc is fin't rcmosvd 
by |irrripi{.ati'»ti nitblo.a«l mlratom tbeprrwnreofdilnle nitnr ncid. .Vftcr filtcrinR 
off the 1f.^d FiiUslr, the esrc^slead is mno^nl by Mturaliric the nolutinn with hydro- 
Ctn Fulh !'■ Hit rfiuin, njludmm, nnd pitasMuni .arv tln-n prrtipitatnl togrtber 
ns jirn-hlnmli--, as dr-^rdw-.! on pp 27n, 271 for tlipdrlrnnin.nti()n of pnt.a^sium, anil 
tl r f Itratp frxim this prrripit-stion nillomtntn F«xhuin.an<l lithium Tlio jtcrcIilor.ato 3 
» f ff-iiirn, nibidiuin, and |vi«.n‘Miii» r.rr disu,hYsl inn little hot wnlrr, ron%prtrd into 
c'.hiUinitntps, ft< iWtil-rsl on p 27'*. muI fduml o'! Tins pmipitate, logrtlitr 
«Uh A bttlf N.Jnim mtnlp r-dution. is beatnl until the tna«M fit-rs and cffrnescCT 
no livin', tlip iT'i ItiP js taVrn up m w.at«r and a little dilute arrtic nritl, and the black 
O l.slt <»M Ip rr-i.Jtip IS rrjfH-tnl ll.e i-.l«tion *if .nlUli nitnlrsis th-atwl svith v«!ium 
Mtnte ar.d bi-nolh iiitnti- fdiitem to prrs-ipit.atr ('siNanuNO,), and Ub,N'aUi- 
Irstuic nitrite in ><>Iiiti m Tlie prtvipitaie is treateil niih 

bs x'nytV. -nr an \ ai - 1 . m tbr r^'dti'.g K-luti/in. n-ium i* pnv,pitatnl as Cr 
.Mlrr fitrnrg oT tl.j, |.rr.i}. t-ite. |».e nibvliani is p*r>-ipitat.sl a, ItblIC.U/), and 
f'liib rooirftr.1 irli, lUoNslb again 71.e •ejwntion Is jliiprrfcet l'era*i«o 

\U d '•rrri.rf m t},e .. JuJnJitv ,.f t!«* r..rrr-i..v!ij g and nilddmm taJt, is 
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not great enough to permit a complete separation. The procedure can be carried 
out and approximately correct results obtained quantitatively if more time is al- 
lowed for the complete precipitation of the cobaltinitritcs and of the alkali-bismuth 
nitrites. 

The following procedure, which is based upon one proposed by Strecker and Diaz,^ 
gives fairly satisfactory results when but little potassium is present. 

Procedure. Dissolve the chlorides/ free from ammonium salt, in 
a little water, and slowly add, while stirring, a mixture of concentrated 
hydrochloric acid diluted with twice as much 95 per cent alcohol. Filter 
off the precipitated KCl (and NaCl if present), wash with absolute 
alcohol, dry at 110®, and w’cigh. Heat the filtrate to boiling and treat 
with a boiling-hot, concentrated solution of SnCU which has been dis- 
solved in a mixture of 1 part concentrated hydrochloric acid and 2 
parts alcohol. Allow to cool, and after 4 hours filter off the precipi- 
tate of Cs 2 SnCl 8 and Rb 2 SnCl 6 , wash with absolute alcohol, dry at 100®, 
and weigh; If it is desired to determine the potassium, treat the fil- 
trate with perchloric acid, and determine the potassium not removed 
as chloride by the treatment with hydrochloric acid and alcohol. Add 
the corresponding weights of both precipitates to obtain the total 
potassium content. Dissolve the wrigbed chlorostannates in B per 
cent tartaric acid solution, saturate with hydrogen sulfide, and filter off 
the stannic sulfide precipitate. Evaporate the filtrate to dryness, and 
ignite carefully to destroy the tartaric acid. 

Treat the residue with an equal weight of FeCls, and dissolve in as 
little water as possible. Add 5 ml of glacial acetic acid for each 0.1 g 
of mixed chlorides and heat just to boiling. Add a cold 30--40 per cent 
solution of SbCU in glacial acetic acid, digest 1 hour on the water 
bath, cool, and allow to stand for at least 12 hours. Filter through a 
Gooch, Mxmroe, or glass filtering crucible, and wash the precipitate of 
CssSbsClg with a 5-10 per cent solution of SbCU in glacial acetic acid. 

If considerable rubidium was present, it is necessary to dissolve this 
precipitate in hydrochloric acid and repeat the precipitation with SbClj. 
The second precipitate should be pure. 

Dissolve the final precipitate of CsjSbsCls in hydrochloric acid, dilute 
until it is approrimately 0.3 N in acid, disregaring any SbOCl precip- 
itate that may form, saturate with hydrogen sulfide, filter off the SbzSs, 
evaporate the filtrate to dryness, and determine the cesium as CsCIO* 
as described for the determination of potassium on p. 274. Deduct the 
corresponding weight of CsiSnCU from the weighed mixture obtained 
above to obtain the weight of RbsSnCli. 

* Z. anal. Chem., 67 , 321 ( 1925 ). 

* Perchlorates can be converted into chlorides by careM ignition. 
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Ammonium, NH 4. Mol. Wt. 18.04 
Forms: KHa, NH4CI, (NH4)2PtClB, Pt, IT3 

Two cases are to be distinguished: (1) the ammonium is present 
as chloride in aqueous solution ; (2) the ammonium is present in solution 
together with other cations and anions. 

1. The Solution Contains Only and Cl" Ions 

In this case the solution can be evaporated to dryness and the residue 
of ammonium chloride weighed; or the ammonium can be precipitated 
as (NHOaPtCle and the precipitate weighed; or the ammonium chloro- 
platinate can be ignited and the residue of platinum weighed. 

(a) DeterminatioD as NH4CI 

Add concentrated HCl to the aqueous solution and evaporate to a 
small volume on the water bath at as low a temperature as possible, 
transfer the solution to a crucible, evaporate on the water bath to dry- 
ness, and heat the covered crucible to constant weight in a drying oven 
at 103®. Good results are obtained, but they arc always a little low. On 
evaporating the aqueous solution some NH4C1 is driven off, and the 
amount lost increases in proportion to the quantity of water used and 
the temperature at which the evaporation takes place. In cold, aqueous 
solution, ammonium chloride is largely Ionized, NH4CI — » NH4''' 4 * Cl". 
As the temperature is raised, hydrolysis takes place to an appreciable 
extent, NH4CI + HjO —* NH4OH + HCI, and NHj evaporates from 
the ammonium hydroxide noticeably faster than does hydrogen chloride. 

If, however, a little hydrochloric acid is added to the solution the 
hydrolysis is prevented and the loss of NHj is reduced to a minimum. 
The ammonium chloride must bo dried in a covered crucible at 105®, 
as othcnrisc a small quantity of the salt will be lost, but this loss is small 
in comparison with the passible Joss during the evaporation. 

(b) Detennination as (NH4)-PtCle 
On heating (NH4)sPtCU to 130® the salt is unchanged. An aque- 
ous solution containing HCI, NH4CI, and an excess of HjPtCle can be 
evaporated to drjmcss witliout appreciable loss of NHs. To the aqueous 
solution of ammonium chloride, therefore, add an excess of chloroplatinic 
acid and a little hydrochloric acid. Evaporate to drjmess at as low a 
temperature ns possible. Pour absolute alcohol over the residue to dis- 
solve the excess of HjPtCle, break up the crj*.stals with a stirring rod, 
and filter through a Gooch crucible. Dry at 130® and weigh. 
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(c) Betermmatlon ss PhUnum 

Instead of weighing thc'(NH4)2PtCI« as such, it can be decomposed 
by ignition and the weight of the residual platinum determined. As 
ammonium chloroplatinatc decrepitates strongly on being heated, the 
ignition must take place in a large porcelain crucible, which is provided 
with a close-fitting cover. The precipitate must be heated gradually 
at first to prevent loss. It is best ignited according to the directions 
of Rose. Place the precipitate and filter in the crucible v-ith the filter 
paper on top, cover the crucible, and heat over a small flame until the 
paper is completely charred without allowing the vapor to escape vis- 
ibly from the crucible. Then heat the crucible with a hotter flame, 
allowing free access of air into the inclined crucible, until the charred 
filter is completely consumed. 

2. The Ammonium Is Present Together with Other Cations 
and Anions in Solution or in Solid Form 

The aqueous solution is made alkaline by the addition of sodium hydroxide, and 
the liberated ammonia is distilled off through a condenser and absorbed in acid. The 
solution thus obtained can be analysed by one of the above methods, but the usual 
procedure is to finish the analysis by titration. For the absorption of the ammonia 
a measured volume of standard hydrochloric or sulfuric acid can be used, in which 
case the determination is based upon the titration of the c.xcess acid with standard 
sodium hydroxide to a methyl red end point. It is also convenient to absorb the 
ammonia in boric acid solution; this acid serves to prevent the escape of ammonia 
by forming ammonium borate, but the boric acid is such a weak acid that it does not 
affect the methyl red and ammonium borate titrates with 0 5 IfCI to a methyl red 
end point as if it were a solution of free ammonia. 

lire method was described in Vol. I for the detection of ammonia in water. For 
very small quantities of ammonia, special pains must be taken to use w’ater contain- 
ing no ammonia or ammonium salt and to finish the analysis by comparing the color 
produced by nesslerization of an aliquot part of the entire distillate with that ob- 
tained with a series of solutions eontaining known quantities of ammoJua. For the 
determination of ammonium in a soh’d the ammonia is usually distilled off after add- 
ing alkali hydroxide and absorbed in a measured volume of standard acid or in boric 
acid (see Chapter XIV). 

Separation of Magnesium from the Alkalies 

The methods of Schmitz and of Epperson serve to separate magnesium 
from the alkalies if the determinatloD of magnesiuro alone is derfred. 
If it is desired to determine magnesium and the alkalies in one and the 
same sample, it is best to proceed as follows:* 

* Gooch and Eddy, Z. anmg. Chem , 68, 427 (IW)8). 
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Schaffgottsch Method for Precipitating Magnesium* 

Tlie method is based upon the fact that magnesium can be precipitated quanti- 
tatively, by means of an alcoholic solution of ammonium carbonate, as crystalline 
magnesium ammonium carbonate, MgCOa-CNIIOtCOi-GHiO. 

Preparation of the Predpitant Saturate a imxture of 180 ml concentrated 
ammonia, 800 ml water, and 900 ml absolute alcohol with commercial ammonium 
carbonate. Shake the mi-xturo occaaonally, and after several hours filter off the 
excess of carbonate. 

Procedure. Treat the neutral solution containing only magnesium 
and the alkalies (lithium must not be present), preferably in the form of 
chlorides, with an equal volume of absolute alcoliol and then with an 
excess of tlie ammonium carbonate reagent. Stir ngorously for a few 
minutes and allow to stand for at least half an hour. Filter through 
a Gooch or iMunroe crucible. Wash with the precipitant, dry, ignite, 
and weigh as MgO. 

If considerable alkali is present the precipitate always contains a small 
quantity of it. In such cases dissolve the precipitate in hydrochloric 
acid, evaporate the solution to drj’ncss, take up the residue in a little 
water, and repeat the precipitation. 

Evaporate the combined filtrates to dryness and determine the 
alkalies as described on pp, 289-280. 

Barium Hydroride Method 

If it IS desired to scp-imtc magnesium from the alkalies in order that the alkalies 
may be detennmed, the magnesium can l)c precipitated as magnesium hydroxide, 
from a solution free from ammonium salt**, by the addition of barium hydroxide 
solution. Tlic barium is then removed by ammonium carbonate and the alkalies 
determined in the filtrate. For the detailed description of this method see Chapter 
" Silicntc Analysis ” Even in thi-Jcase, however, the uvol the Schaffgottsch 
method of separating magnc'iiim from the alkalies h more satisfactorj*. 

Mngnc'-ium mii al-io Ijo separated from the atkahes by means of S-bydroxyquinO' 
line, mcrcunc oxide, amyl alcohol, or a mixture of alcohol and ether. 

Mercuric Oxide Method 

When m.igne«itjm clilnnde i^ hcalc<l with mercuric oxide, m.'igne«iiim oxide and 
mrrrunc clilnnde arc foniiwl llie mercuric chloride and the excess mercuric oxide 
arc easily rcmo\ wl Tlie oxides of mercury and of tnagncsium are insoluble, but the 
nlLah oxides are foliiMe, m water 

I’reinrr a su*ix.n«ion of mercuric oxide in water ns follows: Ite«ublime pure 
mt mine rlilonde from a mixture containing onMcntli of its weight of mercuric oxide. 
DuvoUt the sutdimatc m sufficient water to make a saturated solution {about -10 ml 

« /‘.V7 dnn . 101, tv2 (1V*S) 
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water per gram of HgCli). Heat the solution to boilmg, and slowly pour it into an 
excess of hot 10 per cent sodium hydro^de solution. Let the mercuric oxide precipi- 
tate settle, wash by decantation with hot water, and finally on a filter until the wash 
water is free from chloride. Mbc with water and keep in a ceresin or paraffin-lined 
bottle. 

Procedure. Evaporate the solution containing magnesium and alkalies to dry- 
ness in a platinum, porcelain, or quartz dish, and remove ammonium salts by heating 
the readue carefully. Avoid heating strongly as this may cause volatilization of 
sodium chloride. Treat the residue with a little water and mix it with some yellow 
mercuric oxide suspension. Add tins slowly, while stirring, until the mercuric oxide 
no longer dissolves. Evaporate to dryness, add a few drops of water, and again heat. 
Repeat this once or twice more. Rnally heat under a good hood until the poisonous 
fumes of mercuric chloride cease coming off. It Is inadvisable to heat until all mer- 
curic oxide is removed as this may result in loss of alkali. Treat the readue with 
hot water, filter, and wash. If more than 1 per cent of magnesium is present, dis- 
solve the residue in a little hot hydrochloric acid and repeat the above treatment. 
Finally transfer the residue of MgO and Hg to a weighed crucible and heat under a 
good hood until all HgO has been removed. 

Amyl Alcohol and Ether-Alcohol Methods 

These methods differ from the preceding ones inasmuch as the alkalies are precipi- 
tated instead of the magnesium. In the absence of lithium, the amyl alcohol method 
developed by R. B. Riggs^ can be used. It is similar to the method of Gooch for 
separating lithium from the other alkalies which has abeady been discussed. The 
use of a mixture of aicohol and ether has been recommended by S. Palkin.* Lithium, 
if present, will accompany the magnesium in both cases. 


1 Am. J. Sci., [3] 44, 103 (1892). 

* J. Am. Chm. 8oc., 38, 2326 (1916); 42, 1618 (1920). 



CHAPTER VI 
GROUP I OF AIHONS 

HYDROCHLORIC, HYDROBROMIC, HYDRIODIC, HYDROCYANIC, 

FERROCYANIC, FERRICYANIG, THIOCYANIC, 

AND HYPOCHLOROUS ACIDS 

Hydrochloric Acid, HCl. Mol. Wt . 36.4G 
Fonn: Silver Chloride, AgCl 

1. The chlorine is present in solution either as free hydrochloric acid 
or as a chloride soluble in water. 

2. It is present in the form of an insoluble chloride. 

1. The Chloride Is Present in Aqueous Solution 

If only metals of the alkali or aIkaUn<>corth groups arc present, make 
the cold solution slightly acid with nitric acid, and slowly add silver 
nitrate with constant stirring until the precipitate coagulates and fur- 
ther addition of the reagent produces no more precipitation. Now 
heat the liquid to boiling, allow the precipitate to settle in the dark, 
filter through a Gooch crucible, and treat the AgCI precipitate exactly 
as described in the determination of silver, p. 50. 

If the aqueous solution contains a chloride of n heavy metal, it is not always 
possible to follow the above procedure. If, for example, substances are present 
which on boiling are changed to insoluble baric salts, it is evident that the precipitate 
of silver chloride would be contaminated with these substances and too high results 
would be obtained- This is particularly true of stannic and ferric salts. Ferrous 
salts, on the other hand, if only a little nitric acid is present, reduce silver nitrate to 
metallic silver on heating the solution; if enough nitric acid is present to prevent 
the reduction to silver, the danger of forming basic salts still remains. In such cases 
the precipitation is effected as before from a cold solution and the subsequent beating 
IS omitted. 

Invariably, however, it is better first to remove the heavy metal by precipitation 
with ammonia, caustic soda, or sodium carbonate. 

2. Analysis of an Insoluble Chloride 

Boil the subst.ancowith sodium carbonate solution* (free from chloride), 
filter, and determine the chlorine in the filtrate os described above. 

* Mercurous chloride b decomposed only slowly by sodium carbonate solution 
but is readily acted upon by potassium or sodium hydroxide. 
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Some chlorides, e.g., silver, chloride, many minerals such as apatite,’ 
sodalite, and rocks containing them are not decomposed by boiling 
with sodium carbonate. Such substances must be fused with sodium 
carbonate. 

Mix silver chloride with 3 times as much sodium carbonate and 
heat in a porcelain crucible until the mass has sintered together. Ex- 
tract with water, filter off the insoluble silver, and determine the chlorine 
in the filtrate as under 1. 

For the determination of chlorine in rocks, fuse 1 g of the finely 
powdered material with 4 or 5 times as much sodium carbonate (or 
with a mixture of equal parts sodium and potassium carbonates) at 
first over a Bunsen burner, afterward over a Meker burner or the 
blast lamp. Extract the melt with hot water. After cooling, add 
methyl orange indicator solution, acidify with nitric acid, and allow to 
stand over night. If silicic acid has precipitated out by the next morn- 
ing, add a little ammonia, boil the solution, filter, and wash with hot 
water. Add a little nitric acid to the cold filtrate and determine the 
chlorine as above. 

If there is no separation of silicic acid on acidifying the water extrac- 
tion of the fusion with nitric acid,* precipitate the chlorine at once from 
the cold solution. 


Free Chlorine 

If it is desired to determine gravimetrically the amount of chlorine in a sample of 
chlorine water, it is not feasible wmply to add sUver nitrate, for not all the chlorine 
is precipitated as silver chloride; a part of it remains in solution as soluble chloric 
acid: 

3Clj + 3H*0 + 5AgNO, » 5AgCI + HCIO, + 5HNO« 

The chlorine, therefore, must be changed to hydrochloric acid or to one of its salts 
before attempting to precipitate with silver nitrate. This may be accomplished in 
several ways: 

1. Transfer a definite amount of the chlorine water by means of a pipet to a flask 
containing ammonia water, and after mixing heat the solution to boiling. After 
cooling, acidify with nitric acid and precipitate with silver nitrate. The ammonia 
converts the chlorine to ammonium chloride: 

SNH^OH + sa, = 6NH«a + Nj -j- 8HjO 


* According to Jannasch, chlorine in apatite may be determined by treating the 
finely powdered mineral with nitric add and silver nitrate on the water bath Every- 
thing goes into solution with the exception of silver chloride, which is filtered off 
and weighed. (This does not apply to a simple of apatite contaminated with silica 
or dlicates.) 

* According to W. P. Hillebrand, no separation of silicic acid is to be feared from 
1 g of the substance. 
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2. Treat the chlorine water with an excess of sulfurous acid, mahe the solution 
ammoniacal, add hydrogen peroxide, and boil the liquid until the excess of hydrogen 
peroxide is removed. Cool, acidify with nitric acid, dilute with water, and precipi- 
tate the chlorine by means of silver nitrate. 

3. Treat the chlorine water with dilute sodium hydroxide solution, and add an 
aqueous solution of sodium arsenite (arsenic trioxide dissolved in sodium carbonate) 
until a drop of the liquid will not turn a piece of iodo-starch paper blue. Then make 
acid with nitric acid and precipitate the chlorine by a soluble silver salt. 

If the solution contains both free chlorine and hydrochloric acid determine the 
tot’al chlorine by one of the above methods, and the free chlorine in aseparate sample 
by a volumetric process (see Chapter XV, “ lodimetry ”)• 

Detennination of Chlorine in Kon-EIectrolytes (Organic Compounds) 

(a) Method of Canws* 

Principle. The method is based upon the fact that all organic compounds are 
decomposed by heating with concentrated nitric acid at a high temperature imder 
pressure. If the substance contains halogen, sulfur, phosphorus, or arsenic, it is 
first set free as such, but on account of the reducing action of the nitrous acid formed 
it is then changed over into its hydrogen compound. This, however, is partly 
oxidized by the nitric acid. The reaction is therefore a reversible one. If, on the 
other hand, the substance is heated under the same conditions nath nltrio acid in 
the presence of silver nitrate, the halogen hydride is converted into silver halide as 
fast as It is formed and the halogen is quantitatively changed into its silver salt. Sul- 
fur, phosphorus, and arsenic arc oxidized in the same way to sulfuric, phosphoric, and 
arsenic acids, and any metals present form nitrates. 

Procedure. Take a tube made of difBcultly fusible glass about 50 cm 
long, 2 cm in diameter, with walls about 2 mm thick. Seal one end, 
clean thoroughly, and dry by drawing air through it. 

Transfer about 0.5 g of powdered silver nitrate 
(of substances rich in halogen as much as 1 g may 
be used) to tile tube by pouring the powder through 
a cylinder made by rolling up a piece of glazed paper 
and shoving the paper into the tube until it reaches 
about the middle of it. Four into the tube, through 
a funnel whoso stem is about 40 cm long, 2-5 ml 
of pure nitric acid (d 1.5) free from chlorine. In 
this way only the lower half of the tube is wet with 
the acid. Incline the tube to one side and introduce 
a small glass tube, closed at one end and containing 
from 0.15 to 0.2 g of the substance (this smaller 
tube should be about 5 cm long and 5 mm wide). 

As soon as the tube containing the substance has 
reached the acid, it remains suspended (Fig. 41, a). 

> Ann Chem. Pharm., 136, 129 (1865), and Z. anal. Chm , 4, 451 (1SG5). 
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If is very important that the substance should not come in contact 
with the acid before the tube is closed at the upper end, as otherwise 
there is hkelihood of losing some halogen. 

Now heat the upper end of the tube very cautiously in the flame of the 
blast lamp until the tube begins to soften and thicken (Fig. 41, 6). 
Then draw out into a thick-walled capillary 3-5 cm long, and fuse the 
end together (Fig. 41, c). 

After the tube has become cold, envelop it in asbestos paper, care- 
fully shove it into the iron mantle of a “ bomb furnace,” and gradually 
heat. Aliphatic substances are usually decomposed by heating 4 hours 
at 150-200®; substances of the aromatic series usually require from 
8 to 10 hours’ heating at 250-300®, and for some substances an even longer 
heating at a higher temperature is necessary. The time and tempera- 
ture must be found but for each substance by experiment. The decom- 
position is complete when on cooling the contents of the tube neither 
crystals nor drops of oil arc to be recognized.* Regulate the heating so 
that after 3 hours the temperature of about 200® is reached, after 3 hours 
more 250-270®, and finally after another 3 hours a temperature of about 
300®.* After the heating is finished, allow the tube to cool completely 
in the furnace, remove the iron mantle together with the tube, and by 
slightly inclining the mantle bring the capillary of the tube out into the 
open air. Usually a drop of liquid will be found in the point of the 
capillary. In order not to lose this, carefully beat the outer point wth 
a free flame, and by this means drive back the liquid into the other 
part of the tube. Now heat the point of the capillary more strongljr’ 
until the glass softens, and a hole is blown in the soft glass as a result 
of the pressure within the tube. The gas escapes with a hissing, sound. 
When the contents of the tube are at the atmospheric pressure, make a 
scratch upon it with a file just below the capillary^ and touch this with a 
hot glass rod, whereby the tube usually breaks and the upper part can 
be removed. Then carefully pour out the contents of the tube into a 
fairly large beaker, without breaking the little tube into which the sub- 
stance was weighed, and wash out the inner part of the tube as well as 


' Sometimes, with substances rich in sulfur, crystals of nitrosyl sulfiiric acid are 
formed which adhere to the sides of the tube. They are easily distinguished from 
crystals of the undecomposed substance. 

* Such a high pressure is often attained that the tube bursts as soon as it is heated 
very hot. In such cases heat to only 200*, allow to cool, open the capillary, and 
release the pressure. Then fuse together ogwn and heat to the desired teroperatui^ 

• Before heating, the tube and the hand should be wrapped in a towel to avoid 
accidents. 
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its capillary with water. Dilute the liquid in the beaker to about 300 ml 
and heat to boiling. After cooling, filter off the insoluble silver halide 
through a Gooch crucible and weigh after washing and drying at 130® . 

If it is thought that the precipitate is contaminated by fragments of 
broken glass, as often happens even with careful work, decant the clear 
liquid through a filter, wash the residue by decantation with very dilute 
nitric acid to the disappearance of the silver reaction, and dissolve the 
residue (except when it is silver iodide) in warm ammonia water. Filter 
the solution through the same filter, but collect the filtrate this time in a 
fresh beaker. After washing the filter with dilute ammonia, acidify 
the filtrate with nitric acid, heat to boiling, and, after allowing the silver 
chloride or bromide to settle in the dark, filter through a Gooch crucible,- 
dry at 130®, and weigh. 

Silver iodide cannot be dissolved in ammonia and in this way separated 
from splinters of glass. Therefore, filter off the precipitate, together 
with the glass, through an ordinary washed filter (not a Gooch crucible), 
wash with dilute nitric acid, then once with alcohol in order to remove the 
nitric acid, and dry at 100®. Transfer as much of the precipitate as 
posable to a watch glass, bum the filter, and drop the ash into a weighed 
porcelain crucible. Add a little dilute nitric acid (to change any reduced 
silver into the nitrate), evaporate off the liquid on the water bath, add a 
few drops of water and a drop of putehydriodic acid, and again evaporate 
the contents of the crucible to dryness. Now add the main part of the 
precipitate, heat until it begins to fuse, and weigh. Cover the mass in 
the crucible with pure dilute sulfuric acid, add a piece of chemically pure 
zinc, and allow the crucible to stand over night. After this time the 
silver iodide ^vilI be completely reduced to metallic silver. Remove the 
zinc, and wash the residue by decanting several times with water until 
the iodide reaction can no longer be detected. Warm the residue with 
dilute nitric acid upon the water bath, in order to dissolve the silver; 
filter the solution through a small filter. Wash the filter with water 
and dry; ignite it in a crucible and weigh the residue (the glass). This 
second weight deducted from the former gives the amount of silver 
iodide present. 

This method is also suitable for obtaining lead and mercuiy from 
organic compounds in a form which can be precipitated by hydrogen 
sulfide. 

The method of Carius is by far the best for the detemunation of 
halogens in organic substances when only one of the halogens is present. 
If two or three of them arc present at the same time, the ** lime method 
is to be preferred. 
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(6) The TAme Method 

Into a glass tube made of difficultly fusible glass (about 40 cm long, 
1 cm wide, and closed at one end), introduce a layer of lime (free from 
chloride) from 5 to 6 cm long, then about 0.5 g of substance, and finally 
5 cm more of lime. Mix the substance thoroughly with the lime by 
means of a copper wire wound into a spiml. Nearly fill the tube with 
lime, place on its side, and gently tap, so that a small canal is formed 
above the lime. Place the tube in a small combustion furnace (cf. 
p. 355) and heat. First heat the front end of the tube, free from 
substance, to a dull redness, then the back end, and afterwards light the 
other burners, one after another, until finally the whole tube is at a 
dull red heat. After cooling, transfer the contents of the tube to a 
large beaker and dissolve the lime in dilute nitric acid free from chlorine. 
Filter off the carbon, and precipitate the halogen with silver nitrate. 

If the lime contains calcium sulfate, this is reduced to sulfide, so that 
some silver sulfide is likely to be precipitated with the silver halide. 
In this case treat the solution with hydrogen peroxide (free from halo- 
gen) before enough nitric acid has been added to make the solution acid, 
boil tho liquid to remove the excess of the reagent, then acidify, filter, 
and precipitate with silver nitrate.* In the analysis of substances rich 
in nitrogen, it is possible that some soluble calcium cyanide will be 
formed. In this case care must be taken that the silver precipitate 
contains no silver cyanide (cf. “ Separation of Hydrocyanic Acid from 
Halogen Hydride,” p. 303). 

(c) The Sodium Peroxide Method 

Heat 0.2-0.3 g of the substance with a mixture of 10 g of powdered 
potassium hydroxide and 5 g of sodium peroxide in a nickel or iron cru- 
cible. Heat first in the hot closet at 85®. After some time remove the 
crucible from the closet and heat over a small flame, gradually rairing 
the temperature until the flux is melted. Cool, extract the melt with 
water, filter, and determine the halogen as silver salt after adding nitric 
acid. 

The fusion in the NaOH andNazOj can be carried out conveniently 
in a Parr bomb. 

Remark. For an excellent volumetric method for determining chlorine see the 
Volhard method in Chapter XVII. 

*W. Blitz {Chem. Ztg., 1903, Rep. 142) separates the halides from sulfide hy 
treating the precipitated silver salts with an ammoniacal sodium thiosulfate solution, 
whereby the silver halide goes into solution, from which the silver is precipitated as 
silver sulfide, by adding ammonium sulfide, and determined as silver. 
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Hydrobromic Acid, HBr. Mol. Wt. 80.92 
Form : Silver Bromide, AgBr 

Hydrobromic acid is determined exactly the same as hydrochloric 
acid. This is also true of the determination of free bromine and of bro- 
mine in non-electroIytcs. 


HYDRIODIC Acid, hi. MoI. wt. 127.93 
Forms: Silver Iodide, Agl, and Palladous Iodide, Pdlj 


(a) Determination as Silver Iodide 

The determination of hydriodic acid is carried out in exactly the same 
way as the analysis of hydrochloric acid. If it is desired to filter the 
silver iodide through an ordinary' washed filter instead of through a 
Gooch crucible, the procedure described on p. 51 or 205 is used, convert- 
ing the reduced metal to iodide by dlssoKing in nitric acid and adding 
hydriodic acid. If no hydriodic acid is available, place the main portion 
of the precipitate in a weighed i>orccIain cniciblc and heat until it begins 
to melt, and tlicn wcigli. Place llic filter ash in another crucible, and 
treat nith nitric and Iiydrocliloric acids, whereby the silver and any 
unreduced iodide arc changed to silver chloride. Weigh the silver 
cliloridc and add the equivalent amount of silver iodide to the weight 
of the main part of the precipitate. 

• 

(6) Determination as Palladous Iodide 

This important method for the separation of iodide from bromide 
and chloride is carried out as follows: 

Make the solution acid with liydrochloric acid, and add palladous 
chloride solution until no more precipitate is formed. After allowing to 
stand one or two tlays in a warm place, filter off the brownish black 
pmeipitato of palladous iodide througli a Gooch crucible, or through a 
tared filter that 1ms been dried at 100®, wash with warm water, diy at 
100®, nn<l weigh as Pdlj. 

Acconling to Ho*^, the Pdl, may bo changed to palladium by igniting 
in a current of hydrogen, and from the weight of the palladium the 
amount of iodine calculated. 
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SEPARATION OP THE HALIDES FROM ONE ANOTHER 
1. Separation of Iodide from Chloride 
(c) The Palladous Iodide Method 

Determine the iodide as palladous iodide, and in a second sample 
determine the sum of the chloride and iodide from the weight of their 
insoluble silver salts. 

(6) Method of Gooch 

TMs method depends upon the fact that, in a dilute acid solution of the three 
halide, nitrous acid reacts only -mth the iodide: 

2KI + 2KNOi + 4H.S04 = -iKHSO, + 2NO + 2HiO + 1* 

Iodine is liberated and escapes from the solution on boiling. In one sample, there- 
fore, precipitate the halogens together in the form of their silver salts; in a second 
sample determine the amount of the chlorine after setting free the iodine by means 
of nitrous acid, and determine the amount of iodine by difference. In order to 
obtain correct results by this method, the solution must be very dilute when it is 
boiled to expel the iodine; otherwise some chlorine escapes. 

Procedure. Dissolve 0.5 g of the halide mixture ia 600 ml of water 
in a liter flask, treat with 2-3 ml of dilute sulfuric acid, add 0.5-1 g 
of solid potassium nitrite (free from halide), and boil the solution until 
entirely colorless; usually this is accomplished in about three-quarters 
of an hour. Then add silver lutrate solution, and allow the resulting 
precipitate to settle. Filter through a Gooch crucible, and weigh. 

2. Determination of Bromide together with Chloride 

Principle. In this in^rect method the sum of the weights of the silver salts of the 
two halogens ia first determined and afterwards the silver bromide is converted to 
alver chloride by heating in a current of chlorine. 

Procedure. To the neutral solution containing about 0.5 g of halides 
add a little nitric acid (free from chlorine) and precipitate in the cold by 
the addition of a slight excess of silver nitrate. Heat the liquid to 
boiling, with frequent stirring, cool after the precipitate has coagulated, 
and filter off the precipitate into a 15-cm-long asbestos filter tube made 
of difficultly fusible glass. Dry the precipitate at 150®, and weigh after 
cooling. 

For the transformation of the bromide into chloride, shove the asbestos 
forward a little in the tube by means of a glass rod (in order that the 
gas may pass through it more readily), fasten the tube in a slightly 
inclined position, and pass a current of dry chlorine gas through it. At 
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the same time cautiously heat the tube by moving a small flame back 
and forth. During the first half hour the precipitate should not be 
heated hot enough to melt it; finally, however, raise the temperature 
until it begins to melt, after which replace the chlorine by air, cool, and 
again weigh. 

If p represents the weight of silver chloride and bromide first obtained, 
q the weight after the precipitate has been completely changed to 
chloride, x the weight of silver chloride in the first precipitate, and 


y the Weight of silver bromide, then x + y 


A JL. 


Since s= 0.7633, the solution of the above two equations rives 
AgBr 

y = 4.225(p — g) and x « p — p, from which the percentage of chlorine 
and bromine can be computed. 


3, Determination of Iodide together with Chloride 

The same procedure is used as above described. 

If p represents tlic weight of silver iodide + silver chloride, q the 
weight after the silver lias been converted to chloride, x the weight 
of silver chloride, and y the weight of silver bromide in the first precipi- 
tate, y * 2.567(p — g) and x ^ p — y. 


4. Determination of Eromide in the Presence of Iodide 


In this case p represents the weight of the silver bromide and silver 
iodide, q as before the corresponding weight of silver chloride, x the 
weight of silver iodide in the first precipitate, and y the weight of silver 
bromide, 


, AgCl , AgCl 

X = 4.9Mp - C.545g 
y ^p -X 


6. Determination of Iodide, Bromide, and Chloride 

In one portion of the substance delcrminc the weight p of silver salts 
obtained by precipitation and change this over to silver chloride of 
ucigiit g. In another i>ortion of the same weight of original substance, 
determine the ncight t of palladous iodide corresponding to the iodine 
content. Then, if x represents the weight of silver chloride and y the 
weight of silver bromide in the first precipitate, the following relation- 
shiiis hold; 
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1.303i = weight of silver iodide in the first silver precipitate and 0.7951i 
is the corresponding weight of silver chloride. 
p — 1.303i = weight of silver bromide and silver chloride in the first 
precipitate. 

q — 0.7951/ = weight of silver chloride in the second precipitate equiva- 
lent to the chloride and bromide. 

x^y = p^ 1.303/; X + 0.7633i/ = g - 0.7951/ 
y = 4.224 [(p - 1.303/) - (g - 0.7951/)] 

X — p ~ 1.303/ — y 

Instead of determining the iodine as palladous iodide it may be 
removed as on p. 298, 6, by treatment with nitrous acid and the weight 
of the silver bromide + silver chloride obtained. 

Another method^ depends upon the fact that treatment of silver 
halides with potassium dichromate and concentrated sulfuric add 
causes the following decompodtions: 

GAgCl + KjCrsO; + I4H2SO4 = 6AgHS04 + 2ICHS04 + 2CrCHS04)3 

4- 7H2O 4* ZeU T 

6AgBr 4* K2Cra07 4- I4H2SO4 = OAgHSOi + 2101804 4- 2Cr(HS04)8 
+ 7H2O 4* 3Br2 1 

2AgI 4* 2K2Cr207 + I8H2SO4 = 2AgHS04 + 4101804 H- 4Cr(HS04)8 
4- 8H2O 4- 2HIO3 

All the bromine and chlorine can be distilled off, but the silver and all 
the iodine remain behind. By the introduction of SO2 into the diluted 
acid, the iodic acid is reduced to hydriodic acid and silver iodide precipi- 
tates. After this has been filtered off, the remaining silver can be pre- 
cipitated as iodide. Thus for the determination of the three unknowns, 
three simultaneous equations can be formulated. 

Procedure. Precipitate a mixture of silver chloride, bromide, and 
iodide in the usual manner, filter into a small asbestos filtering tube, and 
weigh after drying at 150°. Call the weight of original substance A 
and that of the mixed halides a. Place the dry precipitate together 
mth the asbestos in an Erlenmeyer flask, and for each 0.3 g of silver 
salt add 2 g of pure potassium dichromate and 30 ml of concentrated 
sulfuric acid. Heat 2 hours at 95°. Toward the last, pass a stream of 
air through the liquid until all the chlorine and bromine have been 
expelled. The decomposition takes place more rapidly if the precipi- 
tate is treated with the oxidizing mixture without drying it except by 
suction, but this necessitates the determination of the mixed silver salts 
in a separate sample. After the oxidation of the silver salts is complete, 

> Bech, Chem.-Zlg., 39, 405 (1915), BauWgny, Com-pt. rend., 127, 1219 (189S). 
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dilute with 300 ral of water, filter off the asbestos, and to the filtrate add 
sodium bisulfite solution drop by drop until a faint permanent odor of 
sulfur dio^dde is obtained. Filter off and weigh the silver iodide precipi- 
tate; call this weight b. In the filtrate precipitate the rest of the silver 
by adding potassium iodide. Call this weight c. Compute the per- 
centages of chlorine, bromine, and iodine as follows: 

54.066 

— : — = per cent lodme 
A 

63.8c - 79.7(a - 6) . • 

— = per cent chlonne 

A 


179.8(a - 6) - 109.7c 
A 


per cent bromine 


HYDROCYANIC ACID, HCN. Mol. Wt. 27.03 
Forms: Silver Cyanide, AgCN, and Metallic Silver, Ag 

Free hydrocyanic acid as well as the cyanides of the alkalies and 
alkaline earths are decomposed quantitatively by silver nitrate with 
the formation of insoluble silver cyanide- 

If, therefore, it is desired to determine gra\’imetrically the amount 
of cyanide present in an aqueous solution of hydrocyanic acid or of 
an alkali cyanide, treat tlie cold solution with an excess of silver nitrate, 
stir, make faintly add with nitric acid, allow the precipitate to settle, 
filter through a weighed filter, dry at 110®, and weigh. To confirm 
the result, place the silver cyanide in a porcelain crucible, bum the filter 
in a platinum spiral, add its ash to the main portion of the precipitate, 
and ignite the contents of the crucible, at first gently and finally more 
strongly but not enough to melt the silver. Cool and weigh the silver. 

By the decomposition of the silver cyanide, difficultly volatile para- 
cyanide is formed, but this is gradually burned away by igniting the 
contents of the open crucible. 

Example: Determination of Hydrocyanic Add in Bitter-Almond "Water. Bitter- 
nlmond water contains cyanogen as free bydrocynnic acid and as ammonium cyanide 
but the greater part is present as niandclic acid nitrile, CjIIsCH(OH)CN, which 
is not decomposed in aqueous solution by means of silver nitrate, but is readily 
acted upon by it if the solution is made ammomacal after the addition of the silver 
nitrate and then made acid. 

The gravimetric determination of the cyanogen present is performed 
according to the method of Feldhaus' as follows: 


> Z. anal Chan , 3, (IS&l). 
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Treat 100 g of bitter-almond water with 10 ml of a 10 per cent silver 
nitrate solution, add 2-3 ml of concentrated ammonium hydroxide 
and immediately acidify with nitric acid. Allow the precipitate to 
settle, and determine the HCN as described above. 

Liebig’s volumetric method is much more satisfactory for this deter- 
mination (see Chapter XVII). 

If it is desired to determine the amount of cyanogen in a solid alkali 
cyanide, dissolve a weighed amount of the salt in water containing rilver 
nitrate, and make the solution acid with nitric acid and treat the pre- 
cipitate as above. 

If the cyanide is dissolved in water before the addition of the silver 
nitrate, there is always a alight loss of hydrocyanic acid. 

Some complex cyanides are quantitatively decomposed by silver 
nitrate, e.g., those of nickel, zinc, and copper (the last only slowly); 
others such as the ferro- and ferricyanides of the alkalies (and mercuric 
cyanide) arc not. 

Determination of Cyanogen in Mercuric Cyanide, Method of Rose 

Mercuric cyanide is a non-electrolyte and is consequently not pre- 
cipitated by silver nitrate, but it is acted upon by hydrogen sulfide 
with the formation of insoluble mercuric sulfide and hydrocyanic acid: 
Hg(CN)2 -k HsS = HgS + 2HCN 

This reaction, however, cannot lake place in neutral or acid solutions 
on account of the volatility of the hydrocyanic acid; it must be per- 
formed in an alkaline solution. In order to avoid the introduction of 
an excess of hydrogen sulfide into the solution, the following procedure 
is necessary: 

Treat the aqueous solution of the mercuric cyanide with about twice 
as much zinc sulfate dissolved in ammonia. If this should cause a 
turbidity, add enough ammonia to clear it up and slowly add hydrogen 
sulfide water. This causes at first a brown precipitate which becomes 
black on stirring. Continue the addition of hydrogen sulfide water 
until the upper liquid shows a jmre white precipitate of zinc sulfide. 
The zinc sulfate, therefore, serves, as it were, as an indicator, inasmuch 
as the pure white precipitate will not be formed until the mercury is 
completely precipitated. Filter off the precipitated sulfides and wash 
with dilute ammoma. The filtrate contains all the hydrocyanic acid. 
Add to it an excess of silver nitrate, make acid with nitric acid, filter, 
and determine the weight of silver in the silver cyanide as described on 
p. 301. 
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Detennioation of Hydrocyanic Acid and Halogen Hydride in the Pres- 
ence of One Another, according to Neubauer and Kerner^ 

Treat the solution wth silver nitrate in the cold, add nitric acid to 
faintly acid reaction, and heat to coagulate the precipitate. Filter, 
dry at 130®, and in this way determine the total weight of the silver 
salts. Place a definite amount of the precipitate in a porcelain crucible, 
heat until it is completely melted, and reduce with zinc and sulfuric 
acid as described on p. 295. Dilute with w'ater, filter off the metallic 
silver and paracyanogen, and determine the halogen in the filtrate 
according to pp. 291 et seq. 

The above separation can be more satisfactorily effected by means 
of a volumetric process (see Chapter XVII). 

Thiocyanic Acid, HCNS. Mol. Wt. 69.08 
Forms: Cu 3 (CNS) 2 , AgCNS, BaSOj 

1. Determination as Cuprous Thiocyanate, Cu 2 (CNS )2 

To the solution of thiocyanate, which is neutral or slightly acid with 
hydrochloric or sulfuric acid, add 20-50 ml of a saturated solution of 
sulfurous acid, and copper sulfate solution with constant stirring until 
a slightly greenish tint is imparted to the liquid. After allowing to 
stand for a few hours, transfer the precipitate to a filtering crucible, 
wash with cold water containing sulfurous acid, then once with alcohol, 
and dry at 130" to constant weight. 

2. Determination as Silver Thiocyanate, AgCNS 

This excellent method for estimating thiocyanic acid is applicable only 
in the absence of the halogen acids or hydrocyanic acid. 

Treat the dilute solution of the alkali thiocyanate in the cold with 
a slight excess of silver nitrate solution, which has been acidified with 
nitric acid. ^Utcr stirring well, filter off the precipitate into a Munroe 
crucible, wash uith water, then with a little alcohol, drj’ at 130®, and 
weigh. 

3. Determination as Barium Sulfate 

In the absence of all other compounds containing sulfur, thiocyanic 
acid c.'in be determined with accuracy by oxidizing it and precipitating 
the sulfuric acid formctl ns barium sulfate. Bromine water is the most 
.«iiit.nblc oxidizing agent for this purpose. Treat the alkali thiocyanate 


* Ann. Chem, I'harm , 101, 51 1 (fS57). 
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solution with an excess of bromine water, boat for 30-60 minutes on 
the water bath, acidify the solution with hydrochloric acid, precipitate 
the sulfuric acid by means of barium chloride, and weigh as barium 
sulfate (see “ Sulfuric Acid ”). 

Determination of Thiocyanic and Hydrocyanic Acids in the Presence 
of One Another (Borchers)* 

In one portion determine by volumetric titration the quantity of silver 
nitrate necessary to precipitate both the acids (see Chapter XA’II, “ Pre- 
cipitation Analyses ”)» and in a second portion determine the weight of 
barium sulfate formed after the oxidation of the thiocyanic acid. From 
the latter weight compute the quantity of thiocyanic acid present and 
also the weight of silver nitrate that would be required to precipitate it. 
If this weight is subtracted from the weight of silver nitrate required to 
precipitate both the acids, the quantity of silver nitrate equivalent 
to the hydrocyanic acid present is obtained. 

Determinatioa of Thiocyanic Acid together with Halogen 
Hydrides (Volhard) 

In one portion determine the thiocj’anic acid as barium sulfate after 
oxidation. Heat a second portion in a dosed tube with concentrated 
nitric acid and silver nitrate (Carius method,® p. 293), filter off and 
weigh the mixture of silver halides and change to silver chloride as 
described on p. 298. Fuse a third portion with sodium carbonate and 
potassium nitrate, dissolve the alkali salts in water, and determine the 
iodine as palladous iodide (see p. 297). From the data thus obtained, 
compute the relative quantiries of the three halides (see p. 299). 

FerrOCYANIC AciD,H<Fe{CN)B. Mol. Wt. 216.0 
Form: Sdver Cyanide, AgCN 

The most accurate procedure for the analysis of complex cyanides is 
to determine the carbon and nitrogen by elementary analysis (which see). 

Determination as Silver Cyanide (Rose-Knkener) 

This method depends upon the fact that all salts of ferrocyanic acid 
on being heated with yellow mercuric oxide give up their cyanogen to 

* Reporionum der anal. Chemie, 1881, p. ISO. 

* Instead of using the Carius method, the halogens and thiocyanate may b® 
precipitated by silver nitrate, filtered through a Gooch crucible, dried at 1C0% and 
weighed. 
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the mercury, forming soluble mercuric cyanide, while the iron is changed 
to insoluble ferric h 3 ’droxide. Thus Prussian blue is decomposed as 
follows: 

Fe 4 [Fe(CN)«]i + 9HgO + 9HsO « 9Hg(CN), + 4Fe(OH), + 3Fe(OH)j 

Treat a weighed amount of the substance with water and an excess 
of mercuric oxide. Boil until the blue color has completelj' disappeared, 
filter off the iron precipitate with the excess of mercuric oxide, and 
determine the cyanide in the filtrate according to p. 802. 

On filtering off the insoluble oxides, at first a clear filtrate is obtained, 
but on washing some of the precipitate usually passes through the filter. 
By washing with a solution containing a dissolv’ed salt, preferably 
mercuric nitrate, it is possible, how'cvcr, to obtain a clear filtrate. 
Even then the operation is tedious, so that it is better to dilute the 
liquid containing the precipitate suspended in it to 100 ml, and use a 
filtered aliquot of 50 ml for the determination of the cyanide according 
to p. 302. A slight error is introduced because the volume of the pre- 
cipitate is neglected, but it is largely compensated by adsorption errors. 

Soluble fcrrocyanides may bo determined satisfactorily by titration 
with potassium permanganate (cf. Chapter XV, “ Oxidation and Reduc- 
tion Methods ”)• For the determination of the iron and other metals, 
heat the substance with concentrated sulfuric acid, dissolve the residue 
after evaporation in water, and analyze the solution in the usual way. 

Ferricyanic Acm, H,Fe(CN)6. Mol. Wt. 216.0 

The ferricyanides arc analyzed in the same w’ay as the fcrrocyanides. 

Hypochlorous Acid, HCIO. Mol. Wt. 62.47 

Hypochlorous acid is always determined volumctrically and will be 
discussed in Chapter XV of this book, under " Oxidation Methods.” 



CHAPTER Vn 
GROUP n OF ANIONS 

NITROUS, HYDROSURFUmC, ACETIC, CYANIC, AND 
HYPOPHOSPHOROUS ACIDS 

Nitrous Acid, HNO 2 , Mol. Wt. 47,02 

Nitrous acid is determined either volumetrically, gasometrically, or 
colorimetrically. The first two meRiods will be discussed in Parts II 
and in of the book. 

Colorimetric Determination of Peter Griess 

This method serves only for the determination of extremely small 
amounts of nitrous acid (e.g., in drinking waters), and depends upon 
the formation of intensely colored azo dyes. 

Inasmuch as azo compounds are formed only when nitrous acid is 
present, they can all be used in tearing for this acid, but the different 
substances do not prove equally sensitive as reagents. Thus in the 
production of triaminoazobenzene (Bismarck brown) not less than 

0.02 mg of nitrous acid in a liter can be detected, whereas according to 
the following procedure 0.001 mg in a liter can be detected with cer- 
tainty. To carry out the determination two solutions are necessary, 
one of sulfanilic acid and one of a-naphtfaylamine. Both substances 
are thssolved in acetic acid^ and prepared according to the directions 
of Ilosvay' as follows; 

1. Dissolve 0.5 g of sulfanilic acid in 150 ml of dilute acetic acid. 

2. Boil 0.1 g of solid <r-naphthylamine with 20 ml of water, pour 
off the colorless solution from the bluish violet residue, and add 150 ml 
of dilute acetic acid. 

Mix these two solutions.* It is not necessary to protect the reagent 
from the action of light, but it is desirable to keep impure air away from 
it. As long as the solution remains colorless it can be used. If it comes 
in contact with nitrous acid, which is often present in the air, the re- 

* P. Griess used dilute sulfuric acid to set free the nitrous acid. Ilosvay showed 
that if acetic acid were used the reaction was much more sensitive. 

*BuU.ckim. (2)2,317. 

* Lunge, Z. angev>. Chem., 1899, Heft 23, 
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agent becomes red and must be decolorized by shaking with zinc dust 
before using. 

Besides the above reagent, it is necessary to prepare a solution of 
sodium nitrite of known strength. For this purpose add silver nitrate 
solution to a concentrated solution of commercial potassium nitrite, 
filter off the precipitated silver nitrite, and wash a few times with cold 
water. To obtain absolutely pure silver nitrite dissolve the precipi- 
tate in as little hot water as possible and quickly cool. Place the mass 
of crystals in a funnel provided with a platinum cone and, after draining 
off the mother liquor by suction, wash with a small amount of distilled 
water. Place the silver nitrite in a calcium chloride desiccator and 
allow to dry in the dark. As soon as it has become dry (shown by 
its having assumed a constant weight) dissolve exactly 0.4047 g in a 
liter flask with hot distilled water. Add 0.2-0.3 g of pure sodium chlo- 
ride (i.e., a little more than the theoretical amount) to convert the silver 
nitrite into silver chloride and sodium nitrite. Cool, dilute the solution 
to exactly 1 1 with pure water, shake well, and allow the precipitate to 
settle. After this, pipet off 100 ml of the clear liquid into a second liter 
flask and dilute up to the mark with water free from nitrous acid. One 
milliliter of this solution contains 0.01 mg NjOs. 

Procedure. Place 50 ml of the w'atcr to be examined in a Nessler 
tube, add 5 ml of the reagent, and mbc the contents of the cylinder with 
the aid of a stirrer. Place the cylinder in water heated to 70-80*. If as 
much as 0.001 mg of nitrous acid is present in a liter of the water tested, 
the red coloration will appear within 1 minute; with relatively larger 
amounts (e.g., as much as 1 mg per Uter) the solution is simply colored 
yellow, unless a concentrated solution of naphthylamine is used. 
Meanwhile in three other Nessler tubes place respectively 0.1 ml, 0.5 
ml, and 1 ml of the standard solution of sodium nitrite; dilute each with 
water up to the mark and treat with the reagent in the same way. As 
soon as a distinct red coloration is apparent, compare the colors with 
that produced by the w'ater to be analyzed. If the color of the unknown 
water lies between tw’o of the standards — e.g., between that pro- 
duced with 0.1 and 0.5 ml of the standard — then prepare three more 
standards containing, say, 0.2, 0.3, and 0.4 ml of the knowm solution. 
IMicn the color of the unknown solution is matched, then the water 
contains the same amount of nitrous acid as tho standard. 

If the water contains conridcrable nitrous acid (e.g., over 0.3 mg 
per liter), the red coloration will bo so dark that the colorimetric deter- 
mination cannot be performed with certainty. In this case dilute a 
definite volume of tl^e water with distilled water and determine the 
nitrous acid present in this diluted water. 
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Hydrogen Suefide (Hydrosulfuric Acid), HsS. Mol. Wt. 34.08 

Fonns; Barium Sulfate, BaSO^, Hydrogen Sulfide, HjS, 
and colorimetrically 

There are four cases to bo considered: 

I. The determination of free hydrogen sulfide. 

II. The determination of sulfur in sulfides soluble In water. 

III. The determination of sulfur in sulfides insoluble in water but 
decomposable by dilute acids vsith evolution of hydrogen sulfide. 

IV. The detennination of sulfur in insoluble sulfides. 

I. Detennination of Free Hydrogen Sulfide 
(a) Detemiinatinn oj Hydrogen Sulfide in Gas Mixtures 

If it is desired to know the percentage of hydrogen sulfide present in a 
mixture of gases, the anal^'sis is best made volumetrically (see Chapter 
XV, “ lodimetty ”), but it is possible to accomplish the same end by a 
gravimetric procedure. 

Connect the source of the gas by means of rubber tubing with a ten- 
bulb Meyer absorption tube which contains a solution of ammoniacal 
hydrogen peroxide free from sulfuric acid. Connect the other end of 
the absorption tube witb an aspirator, i.e., a large bottle of about 4-to 5- 
liter capacity filled with water and closed by means of a double-bored 
stopper. Through one hole of the stopper pass a right-angled glass 
tube wluch reaches just below the bottom of the stopper in the bottle 
and is connected at the other end with the absorption tube. Through 
the other hole in the stopper place a glass tube reaching to the bottom 
of the bottle. Likewise bend the upper end of this tube, and connect 
with a rubber tube to 6er\'e as a siphon; on the lower end of the rubber 
tube place a screwcock. 

Before beginning the experiment, remove the air in the rubber tubing 
between the source of gas and the absorption tube by conducting the 
gas to be analyzed through it. When this is accomplished connect the 
tubing with the absorption tube. Now allow water to run slowly from 
the aspirator into a vessel graduated in liters; after 2 to 5 liters of 
the water have run out, close the aspirator by screwing up the cock on 
the siphon arm. Pour the contents of the absorption tube into a beaker, 
slowly heat to boiling, and keep at this temperature for 5-10 minutes. 
E\’aporate the solution on the water bath to a small volume, add a 
little hydrochloric acid, filter tlic solution if necessary', and precipi- 
tate the sulfuric acid at a boiling temperature with a boiling solution 
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of barium chloride. Affor the precipitate has settled, filter it off, ignite 
wet in a crucible, and weigh as barium sulfate. 

Both at the beginning and end of the experiment it is necessary to 
note the temperature of the room and the barometer reading. Use 
the mean of these readings for the calculation. Compute the amount 
of hydrogen sulfide present in the gas as follows : 

Tlic volume of water which has flowed out of the aspirator repre- 
sents the volume of the gas that has been drawn through the apparatus 
less the amount absorbed by the ammoniacal hydrogen peroxide solu- 
tion. Let V represent the volume of water in liters which has flowed 
from the aspirator and p the weight of barium sulfate found. 

Since one gram molecule of barium sulfate corresponds to one gram 
molecule of hydrogen sulfide and the latter assumes at 0® and 760 mm 
pressure a volume of 22.10 liters,* we have: 


^ 22.1C-p 
' BaSO, 


the volume of the hydrogen sulfide absorbed in liters. 


Kow the volume (10 of the gas that passed through the apparatus 
was at and D mm pressure and was saturated with water vapor; 
whereas 10 refers to tlic drj’ gas at 0^ C and 7G0 mm pressure. It is 
ncccssarj*, therefore, to reduce V to 0® C and 7C0 mm pressure. 

^ V-(g-Tr’)273 
° 700(273 + 0 


where u’ Is the tension of aqueous vapor at t®. 

7'lio volume of the gas drawn through the apparatus is then: 


and we have: 
prci^cnt. 


VrlOO 

Vo + Vt 


Uo 'b 10 

the percentage by volume of hydrogen sulfide 


(6) Dclcrminathn of Hydrogen Sulfide Present in Solution 

By means of a pipet me.x«ure out a definite volume of the .•'olutiou 
and allow it to nm into ammoninral hydrogen peroxide while constantly 
stirring ^\^lh the pipet. lle.al to boiling, acidify with hydrochloric 
arid, and determine the amount of .«ulfate by precipitation until barium 
ehloridc. 


‘ .\rconlinf: to IMiic, Camr* rcfut^ 125, 571 (1807). the dewity of II^S (referred to 
air »• lli^l from which tbcFTftm-molc<Titrr volume computed as 22.150. 
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n. Determination of Sulfur in Sulfides Soluble in Water 

(o) Treat the solution with an excess of ammoniacal hydrogen 
peroxide water, slowly heat to boiling, and keep at this temperature 
until the excess of the reagent is destroyed. Then precipitate the sul- 
furic acid with barium chloride and weigh as barium sulfate. 

(0) Treat the solution with bromine water until a permanent brown 
color is obtained, heat, make acid with hydrochloric acid, and deter- 
mine the sulfuric acid as barium sulfate. 

If the solution contains thiosulfate, sulBde, and sulfate, as it is likely 
to after standing in the air for some time, precipitate the sulfide sulfur 
by means of cadmium acetate and determine the sulfur in the precipitate 
as under III, or o^ddize the cadmium sulfide with either bromine water 
or fuming nitric acid, and determine the sulfuric acid formed as barium 
sulfate. 

The determination of thiosulfate, sulfide, and sulfite sulfur will be 
discussed in Chapter XV under “ lodimetry.” 

m. The Determination of Sulfur in Sulfides Soluble in Dilute Acids 

Principle. The hydrogen sulfide Is evolved by treatment of the sulfide with 
dilute acid and absorbed in ammoniacal hydrogen peroxide solution as under I; 
or the hydrogen sulfide is absorbed in caustic soda solution and the sodium sulfide 
formed analyzed according to II; or finally the gas may be absorbed in a weighed 
tube containing pxunice soaked with copper sulfate solution, the gain in weight 
representing the amount of gas absorbed. 

Evolution and Absorption of the Hydrogen Sulfide 

Of sulfides rich in sulfur take 0.25-0.50 g of the substance for analysis, 
and of sulfides containing less sulfur use a correspondingly larger amount. 
Place the substance in an Erlenmeyer flask (X, Fig. 42), break the con- 
nection between the flask and the receiver, and expel the air from K 
by conducting hydrogen gas through the delivery tube and out through 
the open stopcock of T. After a rapid current of hydrogen has passed 
through the apparatus for about 5 minutes, partly fill the receivers 
V and P with an ammoniacal solution of hydrogen peroxide^ (about 

* Instead of hydrogen peroxide, the receivers can contain 100 ml of 25 per cent 
sodium hydroxide solution. After the decomposition is complete transfer the con- 
tents of the receiver to a beaker, add 30-60 ml of bromine water, make the solution 
acid with hydrochloric acid, and boil while pacing carbon dioxide through it until 
the excess of bromine is completely expelled. Then precipitate the sulfuric acid 
formed with a hot solution of barium chloride. Instead of oxidizing the sodium 
sulfide to sodium sulfate it can be titrated with iodine (cf. Chapter XV, “lodimetry ’)• 
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3^ per cent H 2 O 2 ) ; place about 100 ml of the solution in V and 10-20 ml 
in P. 

Now connect the receiver, V, vnth the delivery tube from the evo- 
lution flask K, and conduct hydrogen from T through the whole appa- 



ratus for 5 nunutes more in order to remove as much as possible of the 
air from the receivers. After this, introduce about 20 ml of boiled water 
into K through T so that the substance is entirely covered, then slowly 
add 6 N hydrochloric acid to the contents of the flask and promote the 
decomposition by warming somewhat. When the evolution of the gas 
has ceased, heat the contents of K to gentle boiling and pass a slow cur- 
rent of hydrogen^ through the apparatus from T for 20 minutes; then 
remove the flame and continue the current of hydrogen for 15 minutes 
longer. At the end of this time, the hydrogen sulfide will be completely 
driven over into T.* 


* Prepare the hydrogen from zinc and Eulfuric acid in a Kipp generator. Wash 
the gas first with an alkaline solution of lead acetate to remove traces of hydrogen 
sulfide and then with water. 

* By the absorption of the hydrogen sulfide in the amraoniacal solution of hydrogen 
peroxide the latter is always colored somewhat yellow from the formation of a little 
ammonium disulfide. This yellow color can be distinctly seen in the delivery tube 
where it dips into the solution in the receiver and later disappears owing to further 
oxidation: 

(NH.),S, - (NH«),S,0, -♦ (NHd*SO, (NHiliSOi 
When the color can no longer be detected, it b a sign that the greater part of the 
hydrogen sulfide has been driven over. 
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Wash the contents of the two receivers into a beaker and slowly heat 
to boiling in order to effect the complete oxidation of the thiosulfuric and 
sulfurous acids and to expel the excess of the hydrogen pero^de. Finally 
make the solution acid ’with hj'drochloric acid and determine the sulfuric 
acid as barium sulfate. 

This method yields excellent results and can be applied to the 
Betenmnation of Sulfur in Iron and Steel 

Sulfur occurs in irons and steels chiefly as sulfide of iron, inangancse, 
or titanium and represents impurity or, in other words, enclosed slags 
Manganese sulfide is the most commorUy occurring form, and iron sulfide 
is formed only 'U’hen more sulfur is present than there is manganese to 
combine with it. The occurrence of litaruum sulfide is rare. 

The effect of sulfur present as iron sulfide is to make the metal “ red 
short,” i.e., brittle at the forging temperature. The effect is overcome 
by the addition of manganese, but sometimes the manganese sulfide 
becomes rolled out into filaments and these are brittle and cause weak* 
n^. Breaks in the metal often start where there is some manganese 
sulfide; this compound is easily identified in etched specimens by its 
characteristic dove color under the nucroscope. The maxiinum permis- 
sible sulfur content is usually specified among the requirements 
of a given kind of steel Most steels contain less than 0.05 per 
cent, but in some samples of stainless steel it may run as high as 
0,45 per cent. 

Sulfur can be determined colorimctrically by treating the steel with 
acid and causing the escaping gases to pass through a cloth which has 
been moistened with cadmium acetate solution. The estimation 
of the sulfur content is then based on a comparison of the tiat 
produced with tints produced similarly with steels containing kno'wn 
quantities of sulfur. 

In ordinary routine work, sulfur in steel is usually determined by the so- 
called evolution method. {Bee Chapter XV.) The sample is treated with 
hydrochloric acid, and the escaping hydrogen sulfide is collected in some 
suitable absorbent, such as an ammoniacal solution of zinc sulfate or of 
cadmium chloride. The hydrogen sulfide is liberated again by treatment 
with acid and oxidized at once to free sulfur either directly by adding a 
measured volume of iodine, or indirectly by adding a measured volume of 
potassium permanganate or potassium iodate solution together wdth ^ 
excess of potassium iodide, whereby a known quantity of iodine is 
Hbemted. Finally the excess iottine is titrated with sodium thiosulfate. 

When great accuracy is desired, it is best to oxidize the sulfur to 
sulfate and precipitate this as barium sulfate w’hich can be ignited and 
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weighed. Much has been written about the difficulty of obtaining pure 
precipitates of barium sulfate, especially in the presence of considerable 
ferric salt. To overcome this difficulty : (1) It has been proposed to 
remove the greater part of the iron as ferric chloride by shaking the HCl 
solution Vrith ether. This method ©ves excellent results, but the pro- 
cedure is rather long and work xvith ether is not altogether pleasant. 
(2) Meineke recommended treating the sample of steel mth a slightly 
acid solution of cupric and potassium chlorides. This leaves the sulfur 
in the residue which is filtered off, oxidized by HNOs and KCIO 3 , and 
eventually precipitated as BaS 04 . (3) Bamber, on the other hand, 
evaporated the HNOs solution of the steel to dryness after adding some 
alkali salt, and then, by ignition over an alcohol flame, the ferric nitrate 
was decomposed and made insoluble in water while the sulfur was left 
as soluble alkali sulfate. Then, after the addition of acid, the sulfate 
was determined as barium sulfate in the usual way. 

In this book directions be given for a simple method of carrying 
out the gra\’imetric determination, and In Chapter XV the evolution 
method \n\\ bo described. 

Procedure. Dissolve 4.57 g of steel (100 X S)/(3 X BaSOO by 
heating carefully ^ith 50 ml of concentrated HNOs. If the sample dis- 
solves very slowly, add a little concentrated HCl dropwisc at intervals. 
To the solution add 0.5 g of NajCOs, evaporate carefully to diyncss, and 
bake for 16 minutes on tlic hot plate. (3ool, add 30 ml of concentrated 
HCl, and repeat the evaporation and baking. Now add 30 ml of con- 
centrated IICl and evaporate to a sirup. Add 5 ml more of HCl, 20 ml 
of water, and 5 g of 20-30 mesh zinc, free from sulfur. This serves to 
reduce the iron to ferrous salt wliicli docs not interfere as much as FeClj 
docs with the precipitation of all SO 4 ” as pure BaS04. Heat on the 
water bath until all the ferric ions arc reduced and the evolution of hydro- 
gen has nearly ceased. Filter and wash with about 75 ml of 0.25 N HCl, 
added in small portions. Heat to about 70®, and add 10 ml of 10 per cent 
barium chloride solution. Allow to stand over night. Filter through an 
ashlcss filter; wash 0 times with hot N HCl and then hot water 
until free from chloride. Ignite and weigh the BaSO«. Run a blank on 
all the rcagcnt.s going through all the above operations in exactly the 
same way. To find the percentage of sulfur, multiply the weight of the 
precipitate of BaSOi in grams by 3. 

IV. Determination of Sulfur in Insoluble Sulfides 
For t hi<5 analy.ris the sulfur is oilhor oxidized to sulfuric acid and deter- 
mined ns banum sulfate, or the sulfide is converted into a soluble sulfide 
which is analj-ztsl jis described above. 
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The oxidation of the sulfide can take place: 

A. In the Dry "Way. 

B. In the Wet Way. 

A. OXIDATION IN THE DRY WAY 

Sodium Peroxide Method^ 

Procedure. Mix 0.5 g of pjoite with 5 g of pure sodium peroxide 
and 4 g of sodium carbonate in a nickel or iron crucible. Cut an opening 
in a piece of asbestos board (at least 4 in. square) sufficiently laige to 
allow two-thirds of the crucible to project below the asbestos. The 
purpose of this shield is to keep the products formed by the combustion 
of the gas from reaching the mouth of the crucible. Heat the contents 
of the crucible gently for 10 minutes so that the mass softens and bakes 
together, and then raise the temperature until the crucible is exposed 
to the full heat of the Tirrill burner for 20 minutes. 

Allow the contents of the crucible to cool and place in a small beaker 
with 150 ml of hot water. When the sodium salts are entirely dissolved, 
remove the crucible and add 5 ml of a saturated solution of bromine in 
concentrated bydrochloric acid. The purpose of the bromine is to make 
sure that the oxidation of the sulfur is complete.* It is necessary to add 
acid, because othenvise the hot sodium hydroxide solution is likely to 
destroy the filter paper. After heating to boiling, filter the solution and 
wash the residue of ferric hydroxide free from sulfate. 

Carefully neutrahze the filtrate with 6 N hydrochloric acid, and add 
2 ml in excess. Heat the solution till all the bromine is expelled, dilute 
to 350 ml, heat to boiling, and precipitate with 24 ml of normal barium 
chloride solution which is diluted to 1(K) ml and added slowly while 
stirring vigorously. Filter, wash, ignite, and weigh the barium sulfate 
precipitate in the usual way (see Chapter XI). 

B. OXIDATION IN THE WET WAY 

For this purpose aqua regia, fuming nitric acid, bromine, hydrochlonc 
acid and potassium chlorate, and, in some cases, ammoniacal hydro- 
gen peroxide have been proposed. 

^W. Hempel, Z. anorg Chem., 3, 193 (1893); J. Clark^ J. Chem. Soc, 63, 1^9 
(1893); Hohnel, Arch. Pharm., 232, 222; C. Glaser, Chem..-Zlg., 18, 1448; Fournier, 
Rer. gin. chim., 1903, 77 ; List, Z. angeio. Chem,, 1903, 414. 

* A black residue may denote ferrous sulfide or zuckellc oxide. It may be 
for sulfur by dissolving in hydrochloric acid and bromine and ad^ng barium chlonde 
to the diluted solution. 
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Aqua regia is most frequently used in practice and in the proportion 
first recommended by J. Lefort,* viz., 3 volumes of concentrated nitric 
acid, d 1.4, and 1 volume of concentrated hydrochloric acid, d 1.2. As an 
example we will cite the 

Sulfur in Pyrite. Method of G, Lunge 
The sample should be finely ground, but it must be borne in mind that 
rapid grinding in the air may generate enough heat to cause the oxida- 
tion of some sulfur so that an appreciable amount escapes as dioxide. 
Of the fine powder, treat 0.5 g with 10 ml of a mixture consisting of 3 
parts of 16 N nitric acid, and 1 part 12 N hydrochloric acid, in a 300-mI 
beaker which is covered wth a watch glass. At first allow the acid to 
act upon the pyrite in the cold, but finish by heating upon the water 
bath. If sulfur separates, oxidize it with a very little powdered potas- 
sium chlorate. Transfer the solution to a porcelain evaporating dish 
and evaporate to dryness on the water bath. Treat the residue with 
5 ml of 12 N hydrochloric acid and again evaporate to dryness. 
Moisten the dry mass now with 1 ml of 12 N hydrochloric acid and 
100 ml of hot water, filter through a small filter, and wash the residue 
first with cold water and then with hot water. To the hot filtrate, if 
not more than 150 ml in volume, add ammonia till the odor persists 
and then 30 ml of 3 ammonium hydroxide in excess to prevent the 
formation of any basic ferric sulfate. Keep at about 70® for 15 minutes. 
Filter off the ferric hydroxide precipitate and wash with hot water, each 
time churning up the precipitate, until a volume of about 400 ml is 
reached. Neutralize the filtrate ivith hydrochloric acid, using methyl 
orange as indicator, and add 1 ml of 12 N hydrochloric acid in excess. 
Heat just to boiling, and add 100 ml of boiling-hot 0.2 N barium chloride 
solution while stirring vigorously. 

Wash the barium sulfate precipitate 3 times by decantation with 
boiling w’ater, then transfer to a filter and wash free from chlorides, 
ignite, and weigh. 

To test the ammonia precipitate for sulfur, transfer it from the filter 
into a beaker by means of a stream of water from the wash bottle and 
dissolve it by the addition of as little hydrochloric acid as possible To 
the resulting solution add an excess of ammonia, filter, and test the 
filtrate and washings as in the main analysis. Should any barium sulfate 
be obtained in this way, it should be filtered off and weighed with the 
main part of the barium sulfate precipitate. 

Remark; It is still better to filter the precipitate through a filtering crucible 
After washing, dry the precipitate as much as possible by suction, place the cm- 

i J. pharm. chim , IIVI 9, 99, and Z. anal. Chem., 9, SI, 
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cible within a larger porcelain or platinum crucible, heat gently, cool, and weigh. 

The above method gives excellent results, which as a rule agree closely with those 
obtained by the preceding method. If the pyrite, however, contained barium or 
any considerable amount of lead, some sulfate will always remain undi^olved with 
the gangue. In such cases the Lunge method will give lower results but on the 
other hand it represents more nearly the quantity of sulfur in the pyrite which is 
available for the manufacture of sulfuric acid. In spite of the strong oxidizing power 
of the above mixture of nitric and hydrochloric acids, it is not sufficient to permit 
the determination of sulfur in roasted pyrite, on accotmt of the danger of losing some 
sulfur as hydrogen sulfide. Such products should be fused with sodium carbonate 
and peroxide as previously described. 

In carrying out the Lunge method, often a little sulfur separates in dissolving the 
sample. It has been recommended that this sulfur be dissolved by adding potassium 
chlorate, but when this is done the results are likely to be high. To overcome this 
difficulty, Allen and Bishop recommend dissolving the pyrite in a mixture of bromine 
and carbon tetrachloride. The latter dissolves any suKur tJiat is liberated, and 
the dissolved sulfur is easy to oxidize. 

Determinatioa of Sulfur in Pyrite. Method of Allen and Bishops 

Weigh 0.5495 g of sample, ground to pass an SO-mesh sieve, into 
a tall beaker of 300 to 400-ml capacity, and add 6-8 ml of a solution of 2 
volumes of liquid bromine in 3 volumes of pure carbon tetrachloride (free 
from sulfur). Cover the beaker and allow to stand 15 minutes at room 
temperature with occasional gentle shaking. Add 10 ml of concentrated 
nitric acid and digest in the same way for another 15 minutes. Heat at 
a temperature below 100^ until all action has ceased and most of the 
excess bromine has been expelled. Raise the cover glass and evaporate 
to dryness. Cover the residue with 10 ml of concentrated hydrochloric 
acid, again evaporate to dryness, and heat the contents of the covered 
beaker for at least 30 minutes at 100^. 

Moisten the residue with 4 ml of concentrated hydrochloric acid and 
after 5 minutes dilute with 50 ml of hot water, washing the cover glass 
and the sides of the beaker. Heat until all the ferric salt is dissolved, 
and allow to cool for 3 minutes. 

Reduce the iron by adding 0,1 g of powdered aluminum, shaking 
the contents of the covered beaker to bring the metal in contact with 
all parts of the solution. Sufficient aluminum should be added to 
reduce all the iron to the ferrous conffition, but any considerable excess 
is to be avoided. 

When the reduction of the iron is complete, as shomi by the solution 
becoming nearly colorless, and the solution has cooled sufficiently so that 
there is no noticeable “misting” in the beaker, filter off the silica and the 
excess aluminum and wash with water until free from chloride. Dilute 


^ J. Ind. Eng. Chem., 11, 46 (1919). 
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mth cold water to a volume of 650 ml, add 5 ml of 6 A'’ hydrochloric 
acid, and stir thoroughly. To the cold solution slowly introduce, while 
stirring, 50 ml of cold 5 per cent barium chloride solution in single 
drops, at the rate of about 5 ml per minute. Allow the precipitate 
of barium sulfate to settle at least 2 hours and preferably over night. 
Filter, wash with cold water till free from chloride, dry, ignite, and w'eigh 
in the usual manner. The weight of the precipitate multiplied by 25 
gives the percentage of sulfur. 

A modification of the Allen and Bishop method, proposed by Lundell and Scherrer 
of the National Bureau of Standards, has been found excellent for determining sul- 
fur in stibnite, SbiSj Digest 0 5495 g of sample in a porcelain casserole with 10 ml 
of 10 per cent bromine in CC1«, After 15 minutes add 5 ml of liquid bromine slowly 
and with frequent shaking. Allow to stand for at least 30 minutes with occasional 
shaking, add 15 ml of concentrated IINOj, and allow to stand at least 15 minutes. 
Now add IS ml of concentrated HCl and allow to stand 15 minutes more. Heat 
slowly to drive off CCh, and then evaporate to rirupy consistency but do not allow 
to dry Add 10 ml more of fICl and again evaporate to a sirup but not to dryness; 
this serves to remove all HNOj Now add 20 ml of concentrated HCl and heat until 
all soluble matter is dissolved. Transfer to a SOO-ml Erlenmeyer flask but keep the 
volume under 100 ml Add 5 g of ingot iron drillings, let stand an hour, filter, and 
determine the sulfuric acid io the filtrate as lo the analysis of pynte after the reduc* 
tion with aluminum. 

Determination of Sulfur in Coal, Eschka Method^ 

If sulfur compounds arc heated with a mixture of magnesium oxide and sodium 
carbonate, all the sulfur can be converted into water-soluble sulfate. It is generally 
assumed that air is the oxidizing agent and the heating is usually accomplished in an 
open dish Recently, honever, the use of a porcelain or platinum crucible has been 
advocated and the results appear to be equally good, which indicates that the oxida- 
tion of the sulfur may be accomplished as a result of the reduction of the carbonate. 
The magnesium oxide prevents the mass from fusing and apparently also catalyzes 
(he oxidation which, however, is not so rapid as when an oxidizing flux is used. 

Prepare Eschka’s ignition mixture by mixing 2 parts of light calcined 
magnesium oxide with 1 part of anhydrous sodium carbonate, both 
free from sulfur. Mix 1 g of GO-mesh coal with 3 g of the Eschka mix- 
ture on a sheet of glazed paper. For coals high in volatile matter or sul- 
fur add 0.5 g Nn4NOs to the Eschka mixture. Transfer to a porcelain, 
silic.n, or platinum dish, or to a spacious crucible, and cover with about 
I g of the E'schka mixture. 

Heat slowly with an alcohol flame until most of the volatile matter 
has been driven off, then gradually raise the temperature and heat with 
the full flame of the burner for 30 minutes or more, stirring occasionally, 
until all the black particles have been oxidized. 


• Chem. .Vftrt, 21, 201 (1870) 
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After the ignition, rinse the material into a 200-ml beaker, add 100 
ml of hot water, and digest on the steam bath for 30 minutes with occa- 
sional stirring. Filter and wash the insoluble residue thoroughly with 
hot water. The filtrate and washings should total about 250 ml. 
Add 20 ml of saturated bromine water, stir, make slightly acid mth 
hydrochloric acid, and boil till the excess bromine is removed and the 
solution is colorless. To the boiling solution add dilute barium chloride 
solution (20 ml of a 5 per cent solution) and allow to stand at least 
1 hour before filtering. Ignite and weigh the barium sulfate. 

C. HYDROGEN SULFIDE FROM INSOLUBLE SULFIDES 

Th£ Iron Method} 

In 1881, M. Groger showed that by heating 0.3-0.5 g of pyrito with 3 g of pure iron 
powder out of contact with the air the pyrite is quantitatively changed into ferrous 
sulfide 

FeSj -h Fe = 2FeS 

from which all the sulfur will be given off as hydrogen sulfide on treatment withby- 
drochloric acid. The method is suitable for the analysis not only of pyrite but also 
of all insoluble sulfides. 

Remark. Commercial iron powder always contains a small amount of sulfur, 
so that a blank experiment must be made with a weighed amount of the powder, 
and the same quantity of iron used for the experiment proper. Subtract the amount 
of sulfur found to be present in the iron from the amount found in the analysis 

It is not possible by this method to distinguish between the sulfur present in In- 
soluble sulfides as sulfide and that present as sulfate (barium sulfate). If the amormt 
of sulfate present is small, it is completely reduced to sulfide; if a large amount of 
sulfate is present, it is often only partially reduced. As the amount of barium sulfate* 
present in insoluble sulfides is usually small, however, this method serves for the 
determination of practically all the sulfur. 

The Tin Method} 

Principle. Almost all insoluble sulfides on being treated with metallic tin and 
concentrated hydrochloric acid give off their sulfur as hydrogen sulfide. Harding,* 
who first studied this method, used tin and hydrobromic acid. 

Procedure. In the evolution tube (Fig. 43), which is 20 cm long 
and 2.5 cm wide, place a layer of finely powdered tin (g) about 0.5 cm 
thick. Upon this place the substance enclosed in tinfoil (s) and then a 

‘ Ber., 24, 1937 (1891). 

* Only barium sulfate is reduced with difficulty; the sulfates of the heavy metals 
are easily reduced. 

* Ber., 26, 2377. 

*Rer., 14, 2035. 



HYDROGEN SULHDE FROM INSOLUBLE SULFIDES 319 


layer of granulated tin (Z) about 6 cm deep. Pass a current of pure hy- 
drogen through the apparatus for about 5 minutes, after which close the 
stopcock and connect the tube with the receivers P and V, as shown in 
the figure. The flask V contains an ammoniacal solution of hydrogen 
peroxide, but P contains 2-3 ml of water 
to remove any stannous chloride that 
may be carried over with the gas. Add 
concentrated hydrochloric acid through 
the dropping funnel until the tin is at 
the most half covered with the acid. 

Heat the contents of the tube slightly, 
preferably by placing it in a small par- 
affin bath. The capsule of tin soon dis- 
solves, and the substance is seen to be 
floating in the acid. It dissolves after 
about 15 minutes, and the acid becomes 
perfectly clear. Continue heating until 
no more yellow coloration can be de- 
tected in the delivery tube which dips 
into the receiver V. Then add more 
acid to the contents of the tube, until 
the tin is completely covered, and heat 
for half an hour longer, meanwhile heat- 
ing the contents of P to boiling and Fro. 43 . 

passing a current of hydrogen through 

a. By this means all the sulfur* will be driven over into V and there 
held in solution as ammonium sulfate and analyzed as described on 
p. 316. 

Remark. This method affords an accurate means for determining the sulfur 
present in insoluble sulfides as sulfide in the presence of sulfate Thus the amount 
of pyrite m clay-slate that contains gypsum can be determined by this method, 
although usually the treatment with aqua regia or fusion mth soda and niter is used 
By these last two methods, however, the total sulfur is determined. More accurate 
values for tho -pyrite present may be obtained by decomposition in a current of 
chlorine, in which case only the sulfide sulfur is determined. 

Finally, it may be mentioned that arsenic sulfide may be decomposed by the above 
method, although a longer time is required than with pjTite, copper, chalcopyrite 
galena, cinnabar, etc. Arsenopyrite, on the other hand, is either unacted upon or 
only decomposed n-ith difficulty, while the iron method effects the decomposition 
with ease. 



> With large amounts of sulfur, one receiver is often insufficient In such cases 
connect the tube 6 with a P6hgot tube contiuning ammoniacal hydrogen perovidc 
as shown in Fig. 42, p 311 
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Determination of Sulfur in Non-Electrolytes 

To determine the amount of sulfur present in organic compounds, 
it is oxidized to siilfuric acid and determined as barium sulfate. 

The oxidation is effected: 

(а) In the Wet Way, 

(б) In the Dry Way. 

(a) Oxidation in the Wet Way (Can'wa) 

This operation is conducted in precisely the same manner a‘s was 
described on p. 293 for the determination of halogens, except that no 
silver nitrate is added to the contents of the tube. After the closed tube 
has been heated and opened, transfer its contents to a beaker, add hydro- 
chloric acid, and evaporate to a small volume in order to remove the 
nitric acid; dilute vritb water to a volume of about 200 ml, precipitate 
hot with a boiling solution of barium chloride, and weigh as barium 
sulfate. 

Q>) Oxidation in the Dry Way (Liebig) 

Melt a mixture of 8 parts of potassium hydro.\*ido (free from sulfate) 
and 1 part of potassium nitrate in a large alver crucible with the ad(h« 
tion of a little water. After cooling, add a weighed amount of the sub- 
stance and heat the contents of the crucible again very gradually/ 
frequently stirring the mixture with a silver wire until the organic sub- 
stance is completely decomposed. Q)ol, dissolve the melt in water, 
make acid with hydrochloric acid, and precipitate the sulfuric acid 
formed. 

This method is particularly suited for the determination of sulfur 
present in difficultly volatile substances, c.g., in wood cements. 

Acetic Acid, CHj-COOH. Mol. Wt. 60.06 

Free acetic acid is always determined volumetrically. J'or the 
analysis of acetates, the substance is heated with phosphoric acid when 
the free acetic acid ^stils over and is then titrated (ef. Chapter XV, 
“ Acidlmetry ”)• The carbon and hydrogen of the acetate can he 
determined by elementary analysis (which see). 

CYANIC acid, HOCN. Mol. Wt. 43.03 

The only method for examining cyanates consists in detenmning the 
amount of carbon and nitrogen present by a combustion (see “ 
mentary Analysis 



HYPOPHOSPHOROUS ACID 


321 


Detenninatioa of Cyanic Acid, Hydrocyanic Acid, and Carbonic Acid 
in a Mixture of Their Potassium Salts 

In one portion of the substance determine the carbonic acid by adding 
calcium chloride to the atmnoniacal solution and weighing the ignited 
precipitate as calcium oxide. 

In a second portion determine the cyanogen of the cyanide as silver 
cyanide by treating the aqueous solution with an excess of silver nitrate, 
acidifying wth nitric acid, and determining the weight of the silver 
cyanide as described on p. 301. 

In a thiid portion determine the potj^ium by evaporating with 
sulfuric acid and weighing the residue of potassium sulfate as described 
on p. 269. ^If from the total amount of potassium present the amount 
present as potassium carbonate and potassium cyanide is deducted, the 
difference pves the amount of potassium combined with the cyanic acid. 

HYPOPHOSPHOROUS ACID, H 3 PO 2 . Mol. Wt. 66.00 

Forms: Mercurous Chloride, HgjCU; Magnesium 
Pyrophosphate, Mg 2 P 207 

(a) Determination as Mercurous Chloride 

Treat the solution of the salt, which is slightly acid with hydrochloric 
acid, with an excess of mercuric chloride; by this means insoluble mer- 
curous chloride is precipitated. After allowing to stand for 24 hours in a 
warm, dark place filter off the precipitate through a Gooch crucible, wash 
with water, dry at 110®, and from the weight of the mercurous chlo- 
ride calculate the amount of hypophosphitc present on the basis of the 
following reaction: 

HaPOs + 2 H 2 O + 4HgCli = 2Hg2Cl2 + 4HCI + 

(b) Determination as Magnesium Pyrophosphate 

First convert the hypophosphorous acid into phosphoric acid by add- 
ing 5 ml of concentrated nitric acid to the aqueous solution of 0.5-1 g 
of the substance in about 100 ml of water,* evaporating on the water 
bath to a small volume, adding a few drops of fuming nitric acid, and 
again heating. After this, precipitate the phosphoric acid by magnesia 
mixture and ammonia and weigh the precipitate as magnesium pyro- 
phosphate as described under " Phosphoric Acid ” in Chapter IX. 

‘ If tlie hiTKipliosplutc were at once treated with nitric acid, metaphosphoric 
acid would be obtained; by the addition of natcr the ortho salt is formed. 


CHAPTER VIII 
GROUP m OF ANIONS ' 

SULFUROUS, SELENIOUS, TELLUROUS, PHOSPHOROUS, CARBONIC, 
OXALIC, IODIC, BORIC, MOLYBDIC, TARTARIC, AND 
META- AND PYROPHOSPHORIC ACIDS 

SULFUROUS Acid, H 2 SO 1 . Mol. Wt. 82.08 
Form: Barium Sulfate, BaSO^ 

The sulfite, or free sulfurous acid, is first oxidized to sulfuric acid and 
then precipitated ^th barium chloride. The oxidation can be accom- 
plished by means of chlorine, bromine, hydrogen peroxide, or potassium 
percarbonate. 

Oxidation vnth Chlorine or Bromine 

Allow chlorine water or bromine water to flow gradually into the 
aqueous solution of sulfurous acid, or of a sulfite; after the oxidation is 
complete, expel the excess of the reagent by boiling and precipitate the 
sulfuric acid with barium chloride. 


Oxidation vnth Hydrogen Peroxide^ 

Treat the solution of sulfurous acid or of a sulfite with an excess of 
ammoniacal hydrogen peroxide, heat to boiling to remove tho excess of 
the peroxide, make acid with hydrochloric acid, and precipitate with 
barium chloride. 

With potassium percarbonate a similar procedure is used. Treat 
the cold alkaline solution of the sulfite with solid potassium percar- 
bonate, heat gently, and gradually raise the temperature till the boil- 
ing point is reached. Then make acid vnth hydrochloric acid and 
precipitate with barium chloride. 

Sulfurous acid may be determined very, accurately by a volumetnc 
analysis (cf. Chapter XV, “ lodimetiy ")• 


^ The hydrogen peroxide should always be tested to see if it contains gulfunc 
acid; if it is found to be present, determine the amount and afterward use an a(^ 
curately measured quantity for the oxidation. Deduct the amount of sulfuric acid 
from the peroxide from the total value found in the analysis. 

322 
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Selenious and Tellurous Acids 

The analysis of these acids was discussed under “ Selenium ” and 
“ Tellurium.” 

PHOSPHOROUS Acid, HjPOs. Mol. Wt. 82.00 

Forms: Mercurous Chloride, HgzCh, and Magnesium 
Pyrophosphate, MgsPsOj 

This determination is effected exactly like that of hj'pophosphorous 
acid (cf. p. 321). 

Here, however, it is to be noted that 1 mole of HgjClj corresponds to 
1 mole of HaPOs: 

HsPOa + 2 HgC !2 + H^O = H 3 PO 4 + 2HC1 + HgaCb 


Determination of Phosphorous and Hypophosphorous Adds 


In this case an indirect analysis must bo made. After oxidizing one 
portion of the substance to phosphoric acid, determine the total phos- 
phorus as magnesium pyrophosphate; allow mercuric chloride to act 
upon a second portion and determine the weight oi mercurous chloride 
formed. From tlieso d.ata the amount of each acid present can be cal- 
culated as follows: 

Assume that a solution containing the two acids is being analyzed. 
Let X denote the weight of liypophosphorous acid present in V ml of the 
solution. 

Let vx, n, o, and v represent the following chemical factors: 


MgjPjOT 

2II,rOj 


1.080 


MgtPiO? 

2H,PO 


2Hg,CI, 

H,PO 


II 3 PO, 


5.757 


Tljen ox is the weight of mercurous chloride produced from the hypo- 
pho'.phorous acid, and rnx is the weight of magnesium pyrophosphate 
cqujvalcnt to llic hypophosphorous acid. Further, let y represent the 
weight of phospliorous acid present in the same volume of the solution; 
then vy is the corresponding amount of mercurous chloride, and ny (hat 
of m.agnr.cium pyropho'^pliatc. The total amount of the mercurous 
rhlorido is g, and the total amount of magnesium pyrophosphate is v. 
'Him 

mx + ny « p 
ox ry g 
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from which it follows that 

n V 

3. -- g. p 

m mv on — mv 
and 


y = p: 


O.U0ig~O.5943p 
1.477p - 0.1744g 


Carbonic Acm, H 1 CO 3 . Mol. Wt. 62.03 

Carbonic acid is determined gravimetrically as CO 2 ; it can also be 
determined by measuring the volume of the gas or by titrating voth an 
acid to determine the amount required to decompose a carbonate. 

(a) DeteiminatioQ in the Dry Way 

Weigh out i-'2 g of the substance into a porcelain boat, and push the 
boat into the middle of a horizontally held glass tube, about 20 cm long 
and 1-1.5 cm wide, and made of difficultly fusible glass. Both ends of 
the tube should bo provided with calcium chloride tubes connected with 
it by means of tightly fitting rubber stoppers. Through one of the cal- 
cium chloride tubes pass a slow stream of air (free from carbon dioxide)' 
and connect the other with two weighed soda-lime or Ascarite tubes 
(cf. pp. 325, 344). Heat the substance gradually until it glows strongly, 
meanwhile passing a slow but steady current of air through the appara- 
tus. When there is no further heat effect to be detected in the absorption 
tubes, allow the substance to cool in the current of air and subsequently 
weigh the tubes. The increase of weight represents the amount of carbon 
dioride. 

Reaiark- TIus method can be employed for the analysis of all carbonates with 
the exception of those of barium and the alkalies,* though, of course, no other vol- 
atile racid can be present at the same time. Water is kept back by the calcium 
chloride tubes and the carbon dioxide in the air is removed by the same absorbent 
as that used in the weighed tubes. 


(b) Determination in the Wet Way 

The apparatus for this determination is shown in Fig. 44. The decompoatioo 
flask F should have a capacity of about 250 ml; a wide-mouthed flask such as is t^d 
for Soxhlet extractions Is also suitable. The tube T of 8-mm diameter and about 
30 cm long acts ^ an efGcient air condenser. If a hole is blown at Ei the flow of 


‘ The air is previously passed through two soda-lime or Ascarite tubes. 

* Even the tirbonatcs of the alkalies and of barium can be analyzed in this way 
if they are mixed with potassium diehromate. 
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fins from the decomposition flask is not impeded by condensed moisture during the 
experiment, but this is not very important. 

A and B are Erlenmeyer flasks of 100* to I25'ml capacity. A is empty, but B con- 
tains enough concentrated sulfuric acid to act as a bubble counter and to show 
whether the apparatus is tight C is a Midvale absorption tube containing some 
drying agent such as Dekydrile, Mg(CfOi)j-3HtO, between cotton plugs, and D is a 
similar tube containing Ascarite (asbestos impregnated with NaOH) with cotton at 
the top and bottom. Instead of Dehydnte, calcium chloride (of the grade marked 
" for drying tubes "). Anhydrone, Mg(C10«)*, or Dcsicclora, Ba(C10«)j. can be used. 
The tube II should contain Ascarite to remove CX)i from the air. 



Bymo.ansof A'.npmallFcrcwfl.'imponrubbcrtubing which is connected with suc- 
tion, the rate of flow of g.xs through the apparatus can regulated. G is another 
100- to 12.Vinl Ilrlcnmejcr fl-ask which K at the start, about half full of normal IICI. 
ll contains Ascarite In the drawing a Midvale tuljc h shown at //, but a U-tube or 
nn> absorbing tower c.an Iw u«c<I equally well. The glass tubing th.at connects F and 
G t>houl(l re.ach nearly to the Iwltom of each fla.«k; it is well to make the tube a little 
narrow cr w here it ends at the bottom of the Ihusk f and to have the tip turned upn ard. 

I’or decompo'ing the carlxmatc, sulfuric acid, hydrochloric acid, phosphoric acid, 
perchloric acid, and chromic acid have all Ixjen rocommeneJed. In the analysis of 
b-aking-powderfl, no acid is required liecausc water alone causes the decomposition; 
therefore the fl.a-«k F mu«l be perfectly dry at the rlart. 

If the Fub«t.sncc cont.ains lie-ides the rarlmnatc a sulfide which is decomposable 
with and. introduce iR-fore A and B a tulie containing pumice impregnate with 
coplKT sulfate.* lliis s»-nT.s to nb««rb oil the hjdrogcn sulfide evolved. 


‘Coirr fO g of pumice pieces in a porcelain dMi with a concentrated solution 
of rw-i*! g of ropprr sulfite. Ilvaponito the «oliitioa to drjmcss with constant 
stirring, and hc.il the rr^idtjc at 150-100* for 1-5 hours. 
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Procedure. First make sure that the apparatus is tight. Have the 
flask G empty, but pour enough water in the flask F to seal the end of the 
tubing. Close the pinchcock I on the rubber tubing at the extreme left 
of the apparatus so that air cannot enter there, and make sure that all 
the rubber stoppers arc inserted tightly in the necks of the four flasks. 
Open the screw clamp K a little and apply gentle suction ‘so that at first 
about 2 bubbles of air per second will pa^ through the liquid in B. If 
the apparatus is tight the current of air will soon slow down. When the 
air is passing at the rate of about 1 bubble in 2 seconds, close K tightly 
and take the rubber tubing off the suction pipe. There should now be 
no movement of air through the liquids in F or B, After a few min- 
utes, carefully allow air to enter the apparatus through the tubing at 1 
by squeezing the end of the tubing to the left of I between the thumb 
and finger and alternately releasing the pressure at I and between the 
fingers. If the apparatus is tight, about as many bubbles of air will 
flow through the apparatus as were withdrawn during the evacuation. 

During this testing, the tube D, which has been wiped dry with a 
clean linen cloth, should be resting in the balance case. After it haa 
been there at least 10 minutes, remove the rubber tubing from the ends 
of the capillaiy tubing and weigh it and its contents to 0.1 mg. Weigh 
accurately 0.5-0.6 g of carbonate into the dry flask F, and add enough 
water to seal the end of the tubing at the bottom of the flask. Con- 
nect the weighed Ascarito tube to the front end of the train, place about 
SO ml of approximately N hydrochloric acid in the flask G, and make 
sure that the pinchcock I is open. Apply gentle suction, and regidate 
the screw clamp K so that about 2 bubbles of gas per second pass 
through the sulfuric acid in B. When all the acid has been drawi from 
G into the flask F, start heating the contente of F, During the heating, 
watch the glass tubing that connecte the flasks F and G and do not let 
the liquid pass from F toward G, as will happen if the liquid in F is 
heated too rapidly. If the liquid starts going toward G, turn down the 
flame and, if necessary, increase the suction. Finally boil the liquid in 
F for 1 minute. Then take away the flame and continue drawing air 
through the apparatus, at the rate of 2-3 bubbles per second, for 20 
minutes longer, in order to get all the CO* into the absorption tube D. 
After this, detach D from the train and connect the two open ends uitb a 
piece of rubber tubing, to prevent absorption of COs from the air. 
"V^pe the tube carefully wth a piece of dean linen and allow it to stand 
in the balance case for 15 minutes. Remove the rubber tubing and 
weigh. The gain in weight represents absorbed COs* 

Remark: The results obtained by this method are perfectly satisfactory. For 
the analysis of substances containing small anwjunta of carbonate, take 3-10 S 
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the analysis. It is convenient to use another Midvale tube as a tare when weighing 
the tube D, then recording merely the difference in weight. Sulfites interfere with 
this determination, but the difficulty can be overcome by decomposing the carbonate 
with an excess of potassium dichromate solution and adding the dilute acid later.* 
When many analyses are to be made, it is well to use another Midvale tube in the 
train; as soon as this tube gains noticeably in weight because the absorption of CO* 
in the first tube is incomplete, use the second tube for the analysis and refill the first 
tube with Ascarite. Ascarite will absorb about 20 per cent of its weight of CO*. 

Determination of Total Carbonic Acid in Mineral Waters 

Place 3-4 g of freshly burnt Ume^ and the same amount of crystal- 
lized calcium chloride® in each of 4 to 6 Erlenmeyer flasks. Close the 
flasks by means of tightly fitting rubber stoppers and weigh accurately. 
Take a double-bored rubber stopper of such a size that it will fit into 
the neck of each of the above flasks and through one of the holes fit a 
short glass tube which reaches about 3 cm above the stopper and the 
same distance below, and through the other bole inserts glass tube about 
50 cm long which likewise reaches about 3 cm below the stopper. To fill 
the weighed flasks with the water to be analyzed, take them to the spring, 
and fill one after another as follows: Replace the solid rubber stopper by 
the one fitted with the two tubes, hold the thumb over the shorter of the 
tubes, and dip the flask well below the surface of the water, but so that 
the longer tube still reaches into the air above. Now remove the thumb 
from the shorter tube; the spring-water will pass into the flask and the 
replaced air will escape through the long tube. As soon as the flask is 
almost full, again close the shorter tube with the thumb, remove the 
flask from the water, and once more quickly interchange the stoppers. 

* E. R. Marie, J Ckem. Soc , 96, 1491 (1909). If it is desired to determine a small 
quantity of carbon dioxide in a gas containing considerable hydrochloric acid and 
hydrogen sulfide, use a tube containing finely divided metallic copper, instead of the 
pumicc and copper sulfate, to absorb the hydrogen sulfide, and a tube containing 
p-nitrosodimethylaniline to absorb hydrochloric ncid, Vernon and Whitby, J. Soc. 
Chem. Ind,4S, 257 (1928). 

* To prepare this lime absolutely free from carbonate, place the lime in a tube 
of difficultly fusible glass and heat in a small combustion furnace, meanwhile passing 
a current ol drj* air free from carbon dioxide over it. In this way 4 g of commerciiU 
lime can be freed from carbonate in 3(M5 minutes. That the carbon dioxide is 
actually removed can be shown at the end of that time by passing the escaping air 
through baryta water; there should be no turbidity. A blank experiment should 
nlrvays be made with this lime. If it is desired to use commercial lime for the deter- 
mination, determine the amount of carbonate present and use an accurately v eigbed 
amount for the analj'sis. 

* Tlic addition of calcium chloride serves to decompose any alkali carbonate. 
Tliis is not qu.antitativcly decomposed by lime alone, particularly when magnesium 
carbonate b present. 
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To make sure that the solid stopper is not loosened while carrying the 
flask back to the laboratory, cover it with a piece of parchment paper, 
and tie it with string to the neck of the flask. Allow the flasks and con- 
tents to stand several days with frequent shaking. All the carbonic acid 
of the spring-water will then have reacted with the lime and be precipi- 
tated as calcium carbonate. Allow the precipitate to settle, and weigh. 
The gain in weight represents the weight of water taken. Quickly pour 
off the supernatant liquid through a plaited filter, quickly throw the 
filter and its contents into the decomposition flask, connect with the train 
shown in Fig. 44, and determine the carbon dioxide as in the previous 
method. 

This method is capable of yielding excellent results provided that the 
flasks can be filled as above described. Often, however, the spring is 
not easily accessible, so that the flasks must be filled by a different 
method and usually a small amount of carbonic acid is lost during the 
operation. A much more expe<fltious and accurate procedure which 
can be performed within 1 hour at the spring consists in the deter- 
mination of the total amount of carbonic acid present in mineral waters 
by measuring the volume of the gas.‘ 

Gas-volumetric Determination of Carbonic Acid 
(a) Method of 0. Petiersson^ 

This excellent method, upon which the two following procedures 
are based, consists in evolving carbon dioxide from carbonates by the 
action of acid, collecting the gas over mercury and computing its weight 
from its volume. Pettersson's apparatus, shown in Fig. 45, was used 
by him for the determination of the carbonic acid in sea-water and in 
carbonates, and also for the determination of carbon in iron and steel. 
The procedure for determining the carbonic acid in a water containing 
small amounts of free carbonic acid but considerable carbonate will 
suffice to show how the apparatus isused. Fill the decomposition flaskX 
mth distilled water up to the mark just below the side arm (the mark is 
not shown in the illustration). By weiglung the flask both empty and 
with this amount of water, the volume of the flask when filled to the 
mark is obtained. Drop in a small piece of aluminum wire® and connect 
the flask with the rest of the apparatus as shown in the figure. All the 
lubber tubing should be firmly fastened to the glass by means of wire. 
Close the cocks, a, b, and d, open c, and remove the air in the measuring 

1 Cf. the modified method of Pettersson on p. 336. 

*Ber., 23, 1402 (1890). 

• At 720 mm and 15® C, 0.0142 g aluminum evolves 20 ml of moist hydrogen. 
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mix' by ni'nnp M until (bo mcrcuo' nscs in llie capillarj’ up to the cross- 
ing point. After this clo^c c, open a, lower M, and slowly open the screw- 
cock d. By this means tlic hydrochloric acid in N Is introduced into the 
na.‘:k K. Allow tlie acid to nin into (he fl.ask until the upper part of the 
npiKimlus {>1 reached, then cIo«e d and «. Remove the air in the mcasur- 
iriR tulx* (wljich doe's not contain an appreciable amount of carbon diox- 
ide) by oi)cninK c nnd rai.dnK Af, after which again close c. Now once 
morcol>eno, lower .1/, and heat 
tlie liquid in K by a flame. 

A lively evolution of paa at 
nnec endues. As Foon as the 
measTiring tube is almost fille<l 
with the pas, rlo«e o, remove 
the flame from under A", raise 
Af until the merrur^’ within it 
stands level with that in the 
measurinp tul>e, and read its 
po'-itlon in the latter. At the 
F.ame time nolo the barometer 
readinc and the temirmturc of 
the cold w alcr which surrounds 
themeasunng IuIk?. Aflerthis 
ojK-n h and mi‘^e Af, whereby 
(he pns in.s-es into tlie 0^at 
IuIm’ 0 wliirli rontnin*’ cau»- 
tir ]X)tn‘h Mihition (1 :2). As 
poon as iIh- mernira* hn'« rrarlir<I ll>c junclun' of tl»e horizontal nnd 
vrrtiml cl(w h nml allow the pas to n-main in the Or>at tul>e 

for a minut**-. Once more (rau«fer (he imab'orNxl pas into the mea‘«- 
unfip lul*‘\ tnlinp ran* (hat none of (hecauMic jiotash polution comes 
nith it (the latter phould not quite reach the ploixxx-k 1). After 
btin;anp the to (lie ntmo'phirie pre-.-im', nad the volume of the 
pa.^, the tliefmomr-ter, nnd the barometer. As a nile, (hf-se madinps 
i.f the bantriKirr .and ihmnomrtfr ninam ron-t.ant; olhenris<’ it is 
r.-ee'-an- to n«liir»' the pas vo!um(*s in eaeli raw to O'* (' aru! 7r/l mm 
prt-'urr*. Tlie difTennee l»etni-«n the two vc»lijmr-« mpn-ail.-* the 
nn;«'inl of the rarlxuur nrjd pas. ib move the utiab-orlK-fl pa« thnnjph 
r and 0 pat ll.i^ «!.o!e <*}» ration of csrlh'rlinR the pa.® and nb’-orbinp th** 
e.atl-'*i duAj,*- until l.nally immore paMspvjnofl frtm the liquid in A*. 

If it »•» <b--rtd to dftr.Tume i|,e .nrr.<''i!it of rarUciate in a ?/>1id rul^ 

ft rrnal'^r <b«-Teiq»K}«iea fla.l. .h,*ild U* Add the alumi- 

m:*'! wife to the Rt,,| calvVl.* t!.e ftpjnmtu** liv 
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peatedly lowering M, closing opening c, and then raising M. Finally 
allow the acid to act upon the substance and carry out the determination 
exactly as described above. 

Computation of the Analysis. Assume that from a g of substance 
y ml of carbon dioxide was obtained, which was measured moist at 
f C and B mm pressure. Hrst of all reduce the volume to 0° C and 
760 mm pressure by the following formula: 

_ y(B--tg)-273 
" “ 700(273 + 0 


In this formula, to represents the tenaon of aqueous vapor expressed 
in millimeters of mercury. 

Since the gram-molecular volume of carbon dioxide is 22.26 1, 
1 ml CO 2 weighs 44.01/22,260 = 0.001077 g at 0"^ and 760 mm, and 
Vo ml weighs Vo X 0.001077 g. The percentage of CO 2 in the original 
substance is then 


Vo X 0.1077 
a 


per cent COj 


Remark. The addition of aluminum Is absolutely necessary. By boiling an 
acid solution, carbonic acid is not completely expelled; this is effected only when ft 
different gas simultaneoualy passes through the solution. 'Fonneriy it was customary 
to pass air through the apparatus, but Fettersson accomplished the same purpose 
by generating hydrogen within the liquid itself. 


(6) Method of Lunge and Marchlewski^ 

Lunge and Marchlewski cany out the determination according to 
the same principle as that of the above procedure, i.e., by simultaneously 
evolving hydrogen (aluminum and hydrochloric acid), measuring the 
gas, and absorbing the carbon dio»de by means of caustic potash in an 
Orsat tube. 

The apparatus which they recommend is shown in Fig. 46, 6. It 
consists of the 40-ml decompoation flask N, the 140-ml measuring tube 
A, the compensation tube (7, and the Ic^Ung tube B; the three last are 
connected together as shown in the figure. 

In all gas-voluraetric methods, the volume of the measured gas must 
be reduced to 0® C and 760 mm pre^re, which ordinarily requires a 
knowledge of the temperature and the barometric pressure. In this 
method the reduction is accomplished without paying any attention to 
the actual readings of the thermometer and barometer by means of the 
compensation tube C, which contains a known amount of air, viz., that 


* Z. angeiD. Chem., 1891, 229. 
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amount of air which in a dry condition assumes a volume of 100 ml at 
0® G and 760 mm pressure. If, therefore, this amount of air has a volume 
of 1^' at I® and atmospheric pressure P' (with the mercury at the same 



JovcJ in B and C), we know that this I'olume of any gas would be equal 
to too ml at 0” C and 7G0 mm pressure. By raising the leveling tube B 
EO high tlmt 1” ml i.s compressed to 100 ml, n-c have accomplished the 
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reduction in a mechanical way. If, however, there is a gas volume V" 
in the measuring tube A under the same pressure as that in the compen- 
sation tube (this is the case when the mercury level is the same in A and 
C), we can reduce this volume to the standard conditions by simply 
raising B until the volume of the gas in C is just 100 ml, taking care that 
the mercury remains at the same height in the tubes A and C. The 
volume of the gas Vo" in A corresponds, therefore, to the volume of this 
gas at 0® C and 760 mm pressure, for it has been compressed to the same 
degree as the gas in C. This is apparent when wc remember that at a 
constant temperature the product of the pressure into the volume re- 
mains a constant for any gas. 

In the compensation tube we have the volume V at atmospheric 
pressure P\ and after compression the volume becomes Vt! = 100 ml 
and the pressure is Po, from which it follows that: 

(1) rp' = Vo'Pd 

In the measuring tube A, we have the volume V" at the atmospheric 
pressure P', and after compression this volume becomes V’o", and the 
pressure Po, so that 

(2) r'-F - yo"Po 

By dividing equation 1 by equation 2 wc have: 

r-p^ n^-Po 
,V"’P' Vo^-Po 
or 

ViT* = Vo': Vo" 


and Vo" is, therefore, the reduced gas volume that is desired. 

Before using the apparatus for the determination, it is necessary to 
fill the compensation tube with the correct amount of air; this is accom- 
plished as follows: 

First of all, calculate what would be the volume of 100 ml of dry air 
measured at 0® C and 760 mm pressure when measured moist at the 
temperature of the laboratory and the prevailing barometric pressure. 
To illustrate, assume t = 17.5® C; P « 731 mm; w = 14.9 (tension of 
aqueous vapor) ; tben 


V == 


100 X 760 X 290.6 


= 112.9 ml 


273(731 - 14.9) 
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In such a case introduce 112.9 ml of air into the tube C by removing 
the stopper and lowering the leveling tube until the mercury in the 
compensation tube stands at exactly 112.9 ml. Add a drop of water by 
a pipet, immediately stopper the tube, and make an airtight seal by 
covering the tube wth mercury. Then press down a rubber stopper 
containing a glass tube into D. After this the temperature and pressure 
may vary as much as it wll; the reduced volume of the air in C will 
always be equal to 100 ml. 

Procedure for the Analysis. Weigh out about 0.08 g of aluminum 
wdro, i.o., enough to furnish approximately 100 ml of hydrogen, into the 
decomposition flask. Add a sufficient weight of the substance to be 
analyzed so that about 30 ml and no more of carbon dioxide will be 
generated, and connect the flask with the funnel tube M, and capillary n. 
Also make connection with the tube A after it has been completely filled 
with mercury by raising B. Exhaust the air from N by lowering B, 
opening h so that e is connected with A, then closing h by turning it 90®, 
and carefully raising B until the mercury stands at an equal height in 
A and B; after this turn h so that A is connected with the capillary d, 
and expel the air in A. After repeating this process 3 or 4 times until 
finally only 2-3 cm of air remains in A, lower B, add the 
necessary volume of 3 W hydrochloric acid to M, care- 
fully open h, then m until 10 ml of the acid has run into 
the flask N, when in is once more dosed. The carbon 
dioxide evolution begins at once and the mercury level 
quickly falls in A. Ilcat the contents of the flask to 
boiling over a flame and maintain this temperature imtil 
all the aluminum has dissolved. During the whole 
operation the mercury level in D must be kept lower than 
that [in A. In order to transfer tlie gas remaining in 
the flask N into the tube A, fill M uith distilled water, 
slowly open m, and allow the water to run intoWuntil tho 
stopcock h is reached, then immediately close h. Com- 
press the gas by raising the tube D until the mercury 
stands at the same height in A and C and the level in the 
latter lube is exactly at tlic lOQ-ml mark. Read the vol- pia. 47 . 
umo of the gas. After this connect the caplllarj’d wth*an 
OrNit tube filled with 10 N caastic potash (Fig. 47), drive over the gas in A 
into the Orsat lube, allow to stand 3 minutes, and transfer the unabsorbed 
gas to A, where its volume at 0® Cand 760 mm pressure is determined 
as before. TIic difference in the two readings represents the volume 
of the carbon dioxide, and the percentage can be computed according 
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to tVie formula 

Per cent COi = 0.1077 •- 
a 

in which V is the weight of carbon dioxide absorbed in the Orsat tube and 
a represents the quantity of substance taken for the analysis. 

Remark. This is the most exact of all methods for the determination of carbon 
dlojdde in. solid substances and Is accomplished quickly. It is to be recommended 
where carbon dioxide determinations must be made daUy, as, for example, in cement 
factories. It is necessary, however, to test the volume of the gas in the compen- 
sation tube from time to time to make sure that it really corresponds to 100 ml of 
air under the standard conditions of temperature and pressure. 

For a single determination the author prefers to dispense with the compensation 
tube. In tius case, however, the collected gas must be kept surrounded by water 
at a definite temperature, as in the Pettersson method, and the temperature and 
pressure must be observed. It is also well to make these readings in the above- 
described procedure, to be sure that the volume in the compensation tube has 
remained constant. 


(c) Method of lAinge and Rif tener^ 

In the decomposition flask iC, Fig. 48, place 0.14-0.15 g of calcite, or a 
corresponding amount of any other carbonate, and fasten a small piece 
of aluminum wire, weighing about 0.015 g, to 
tbencck of the flask. Allow about 1 ml of 
water to flow through the funnel, T, and then 
connect the capillary with the dry Bunte 
buret. Close the stopcock of the funnel T 
and open the two cocks of the Bunte buret. 
Connect the lower stopcock, hi, with the suc- 
tion pump, and produce a partial vacuum in 
the buret by letting the pump run 2-3 min- 
utes, after which close hi. Now, from the 
funnel T, allow 2.5 N hydrochloric acid to 
flow upon the substance until it is decom- 
posed completely; then heat the liquid to 
boiling,* taking care that no water gets into 
the buret. Add acid from T until the alu- 
nrinum wire is reached and heat the flask 
again. The hydrogen now evolved serves 


s 


Pro. 48. 


* Z. angew. Chem., 1906, 1849. 

* Carbonates, such as magnesite, dolomite, or siderite, are decomposed so slowly 
by cold, dilute acid that it may be added much more quickly than prescribed above. 



GAS-VOLUMETRIC DETERMINATION OF CARBONIC ACID 335 


to expel the last traces of carbon ^oxide from the flask. As soon 
as all tbe aluminum is dissolved, add hydrochloric acid through the 
funnel until the liquid reaches the stopcock h, which is then closed 
at once. Now connect the lower end, a, of the buret by rubber tub- 
ing with the leveling tube N, which contains a saturated solution of 
common salt. By carefully opening the lower stopcock hi allow the salt 
solution to rise in the buret imtil the liquid there stands at the same 
height ag in the leveling tube, whereupon the stopcock Aiis closed. Allow 
the apparatus to stand for 20-25 minutes so that the temperature of the 
gas will be that of the surroundings and then, by suitably raising or 
lowering the leveling tube with hi open, read the buret, the thermometer, 
and the barometer. Fill the funnel T' of the buret with strong potassium 
hydroxide solution (1 : 2), and produce a partial vacuum in the buret by 
lowering the leveling tube and opening the stopcock hi. 

Allow the caustic potash solution to run into the buret by opening 
the upper stopcock h, but close it before the last few drops of liquid 
leave the funnel. Mix the contents of the buret by shaking. By 
repeating the operation it is ea^ to tell whether the absorption of car- 
bon dioxide has been complete. Read the residual volume with the 
usual precautions; the difference between the two readings gives the 
volume of the carbon dioxide.^ 

Compute the weight of carbon dioxide exactly as described on p. 330, 
except that the vapor tension of the saturated salt solution amounts to 
only 80 per cent of the tension of pure water at the same temperature. 

Example: Weight of substance = a Temperature =* 

Volume of hydrogen + air + COj = Vi Barometer = B nun 

Hydrogen + air = Vt Tension of aqueous vapor » m mm 

COj = V, — Fj Tension of salt solution «= 0.8io mm 


The volume reduced to 0® and 7G0 mm, is, therefore; 

„ _ (Fi - F,) • (R -- 0.8u>) 273 
• 7G0 (273 + 0 


and the percentage of CO, in the substance (sec p. 330) is 


F, X 0 1977 
a 


per cent CO, 


For the determination of carbon dioxide in mineral waters this apparatus is not 
suited, for this purpose Treadwell modified the Pettersson apparatus as shown 
in Fig 49. 


‘ Thb is true if the temperature and pressure arc the same as before the absorption 
of the CO,. If not, both volumes must be reduced to 0® and 760 mm pressure before 
the difference b found. 
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(d) The Modified Method of Pellersson 
For decomposition flasks, use 70-200 ml Erlenmeyers (according to 
the supposed amount of carbonic acid) and etch the exact capacity of 
each flask upon it. To determine this, provide each flask with a tightly 
fitting stopper of gray (not red) rubber containing one hole, through 
which the small tube R is introduced. Fuse together the bottom of R 

but near the bottom make 
a small hole. 

Push the tube R into the 
gtopperuntil the small open- 
ing can be seen just below 
the bottom of the rubber 
stopper, and press the stop- 
per as far as possible into 
the Erlenmeyer flask full of 
water. By this means some 
of the water passes from the 
flask into the tube iZ. Then 
raise the latter as is shown 
in Fig. 49, 6; in this way an 
air-tight seal is made. 

Remove the water in 
by filter paper, and weigh 
the flask and contents to the 
nearest centigram. By de- 
ducting from this the weight 
of the empty flask together 
with the rubber stopper 
and R, the weight of the 
water, i.e., the volume of 
the flask, is obtained. By 
means of a piece of gummed 
paper fastened to the flask, note the position of the lower edge of the 
rubber stopper. Empty the flask, dry, and cover the neck of the 
flask as well as the paper strip with a thin coating of paraffin wax. 
Along the edge of the paper where the bottom of the rubber stopper 
came on the flask, cut a sharp line in the wax by means of a knife and 
write the capacity upon the wax with a pointed file. Etch these lines 
upon the flask by exposing them to the action of hydrofluoric acid for 
2 nunutes. Wash off the excess of the acid, dry the flask, melt the wax, 
and wipe off with filter paper. The flask is now ready to be used for the 
analysis. 
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Place about 0.04 g of aluminum in the flask, and fill it by dipping into 
the spring. When this is not possible, place a piece of rubber tubing in 
the bottle containing the water to be analyzed, so that it reaches to the 
bottom, and siphon the water into the flask for 2-3 minutes. After this, 
close the filled flask by the rubber stopper with the tube R so that the 
bottom of the stopper reaches just to the mark again. Raise the tube R 
(Fig. 49, a) and wash out the spring-water within the tube by a stream of 
distilled water from a wash bottle.* Then connect the flask with the 
bulb tube P (of about 40-ml capacity), which in turn is connected with 
the measuring tube B. Place R in a condenser through which a stream 
of ordinary water constantly flows. Now connect the reservoir A^' with 
the flask as shorvn in the figure and close the screwcock H. All rubber 
connections must be tightly fastened with wire. 

Exhaust the bulb P by lowering N so that the air passes into B, 
whence it is driven into the Orsat tube 0 by turning the stopcock M 
and raising N. Repeat this operation 4 times. Then remove the air 
from the Orsat tube by suction through the right-hand capillary and 
change the stopcock to its original position as shown in the figure. Now 
press down the lube R into the flask so that the small opening reaches 
below the lower surface of the stopper. 

Usually carbon dioxide is evolved immediately and at once tbc mercuiy 
in B begins to sink slowly. Hasten the evolution of the gas by gently 
healing tlic contents of (he flask. As soon os the measuring tube is 
almost entirely filled witli gas, Tcmovc the flame, close i\f, and bring 
tlio content.*? of B under atmospheric pressure by raising N until the 
mcrcurj' in the two tubes is at the same height, and read its position 
in B. Take the temperature of the water surrounding B, read the 
barometer,’ drive the ga.s over into tl>c Orsat tube, and allow it to rc- 
m.ain there. Repeat this boiling, measuring, nnd driving over of the 
ga-s until only a .“light evolution of gas can be made to take place. In 
this way all the free carbon dioxide and a part of that prc.sent a.s bicar- 
bonate i.s driven oiT, while that present as normal carbonate together 
with the rest of tlic bicarbonate remains in the fla-sk; the liquid in the 
fl.x'k i.s usually turbid at this point owing to the precipitation of alkaline- 
earth carlwnate.s. Now fill the rc.«cr\’oir A” with 4 A hydrochloric acid 
(1 2) nnd remove the air from the rubber tubing by raising N' high and 
pinching the tvihing with the fingers. Place the leveling tube N in a 
low po'-ition, oix'n //, and allow a little acid to nm into A', after which // 

• With water mntainini; inurh r.arl><>nic ocid, cool the fl.'X5k and Its contcnt<i by 
Ire m nnler to pnwe-nt it from hrvakinj; 

* If tht^ made nl the FprtnR, it is nccr^ssaiy to ha\*c a Fcn?itive nneroid 

barometer at hand 
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is again closed. As soon as the acid reaches the contents of K, a lively 
evolution of carbon dioxide ensues, which is aftenvard hastened by gentle 
wanning. When the measuring tube B is nearly filled, read its contents 
and drive over into the Orsat tube as before. Repeat the addition of the 
acid, etc., \mtil finally the liquid in K clears up and the alununum begins 
to evolve a steady stream of hydrogen, then heat the contents of the 
flask to boiling, but take care that none of the liquid in the flask is carried 
over with the escaping gas. As soon as the aluminum has completely 
dissolved, lower N and open H so that the flask is filled with the hydro- 
chloric acid solution and the last portions of the gas are carried over into 
the measuring tube B. As soon as the acid has reached the stopcock M, 
close it, and after reading the volume of the gas as before, transfer it to 
the Orsat tube. After it has remained there 3 minutes bring back the 
unabsorbed gas to B and subtract its volume from the total amount of 
gas which has been expelled from the water that was analyzed. This 
difference represents the volume of the carbon dioxide gas. By correctly 
adjusting the current of water flowing through the condenser, the tem- 
perature at which the gas is measured will remain constant during the 
entire experiment. 

From the volume of the absorbed carbon dioxide the percentage 
present is computed as was shown under the Pettersson method. 

Determination of Carbonic Acid in the Air 

See Chapter XV, “ Acidimetry.’' 

Determination of Carbonic Acid in the Presence of Other 
Volatile Substances 

(a) Determination of Carbonic Acid in the Presence of Chlorine 

If it is desired to determine the amount of carbonate present in com- 
mercial chloride of lime, chlorine will be evolved with the carbonic acid 
on treatment of the solid substance with hydrochloric acid, so that neither 
the direct nor the indirect method will give correct results. The deter- 
mination can easily be effected by the following procedure: 

Decompose the chloride of lime with hydrochloric acid and pass the 
evolved gases (CO 2 + CI 2 ) into an ammoniacal solution containing cal- 
cium chloride.^ After allowing to stand several hours in a warm place, 
quickly filter off the precipitate, wash with water, and determine 

J Dissolve 50 g of crystallized calcium chloride ia 250 ml of water, add 500 ml 
of concentrated ammonia water, and allow the mixture to stand at least 4 weeks 
before using. 
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the cnrlKinalc in the prccipitatiKl raldtim carbonate by one of the usual 
infthod-'. 

Remark. On confluctine Uir* mixture of chlorine and carlwn dioxide into the 
aminoninml Mlution of calrium chloride, the chlorine is clianped into ammonium 
cldoridc with evolution of nitrogen, 8NIT> + 3CIj ■■ CN’ir4CI + Nj, tvhilc the 
carixin dioxide is nW)rl»cd by the ammonia, fonning ammonium carbonate, which 
is precipitated by tlic calcium chloride aa calcium carbonate. 

(b) Ddmninnlwn of Cor6ori Dioride in the Presence of Alkali 
Riilfulcs, Sulfites, or Thiosulfates 

Tn*at the polution to l>e .nimlyxotl with an excess of a solution of 
liydniKen in-roxide contatninj? polassiiim hytlroxide, but free from car- 
bonate. Hoil to tlr-stroy the excess of tlie hydrogen peroxide, conccn- 
tmlr*, and determine the c.nrbonatc prcfembly by the Knscnius-Classcn 
method (p. 32o). 


Determination of Carbon 

(1) In Iron and Strel, 

(2) In Organic Compound*. 

Cntlwn oectir* in itxm and «toel ns carlmle, ns n solid solution of car- 
bide It) iron, tvi Rmphifo, and m lomiHT c.arl>on. Iron carbide, Fc»C, 
JH ofli'u r.nlltxl ceinenlile The pn>|MTties of iron and stt'cl dojicnd not 
only uiKin the cliemir.nl compf>'‘itl<m of the material hut nl^-o ujwn the 
Inmtnx-nt which ho.'’ I>ecn piven to it. Thus a sirx*! witli n piven jx'r- 
renJace <,f rarlKjn may U* very hnnl if it h.as lieen ccKihxl quickly from 
-.ny IIKXF, nr it may N* mtirh rofter if it h.as l»een nnne.alcd. Ily |X)I- 
iduiif: a pi«Tp of metnl nnd etehinp the mrfare, it is jxi'v'-ihlc to estimate 
li\ tmrrxoenpirnl ovammation tbe jKTreutaKe of carlion present, the 
heat treitin«-nt which has Uvn piven to the six^irnm, nnd whether the 
innt* nnl i« iKiinngi ri'-siu-'. In tn-tinp Me*-! nnd other niloys the work of 
ill'* fh'-nwt rlinuM po hnritl in hand with that of the rnelnllcpmplier .as 
uthf-r is likely tn |.r« h>,I n.‘imy without the other. 

llerr wr ft«Miine that ^Url is n binaiy nllny of rarlion nnd iron. 
Till' will r.arra* ii' riifTineiitly into the fii-M of meinilogrnpliy but it rmi't 
l-e nmefiil-M^! tb.ni oth»r ebim m*, e c , minganf'C, mlfur, rilieon, 
chnejirim. nirkr!. tjjnr*Un. and vnnvluim, piny imt'ortnnl part* in 
r. 'sjf-ni To u;rbr>t.nnd there.n-on^ for tbe nnriotjs effect.s 

r.'r^ by b'^nt tn-ntrr'^fjt, it i* nerf~.,-jrx’ to know wirnethinp ron- 

tl.-- Inv.^ of p»iy.;r%J c.Vftri'trj, »-;»'e,nlly the plm.'-- nile of 
UiiUfvl (iiMo lb.-'- p-t :» hltbi.f tl.f ihfs.ry wilj I- tiejche.! UK'O. 
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Hie mass-action law, which has frequently been mentioned in this book, refers to 
what is called homogeneous equilibria. It governs, for example, the reaction between 
ions when everything is present in a stale of aqueous solution. We say that this 
constitutes a single phase. Every homogeneous state which the components of a 
system can produce is called a phase; the phases, in other words, are the physical 
states in which the components can exist. A few illustrations will help here. 

The compound HjO can exist as solid, liquid, or gas, and each of these physical 
states represents a phase. A mixture of NaCl and HiO can exist in four phases. 
If, at a low temperature, the two compounds exist side by side as solids which arc 
distinguishable from one another (ico and salt), we say that two phases are present 
and the system is not homogeneous. As many solid phases can exist side by side aa 
there are distinguishable solids. If we have a solution of NaCl in water, we hare a 
single phase, and wc say that wo have a homogeneous system. If we add more water, 
more salt, or any other substance to tlic solution (and there is no precipitation), we 
still have but a single phase. If, on the other hand, we add ether to an aqueous 
solution, and can distinguish a line of deronrcalion between the two liquids, we have 
two phases. In any system there can be as many liquid phases as there are immiscible 
liquids or solutions. Gases, however, all mix with one another and constitute a 
single phase. What Gibbs did was to discover an important relation between the 
number of components, the number of phases, and the degrees of freedom of a ^stem. 

If we study the equilibrium conditions of water with respect to its existence as 
solid, liquid, or gas, we say that we arc conadering a tme^omponent ^stem. The 
number of components is the smallest number of independently variable constituents 
required to buUd up the system. In studying the reaction CaCOj s* CaO + C0i 
we say that we have a Iwo-componmt ^lem because any desired state can be obtained 
from suitable quantities of CaO and CO* and it is not necessary to have all three 
present at the start. On the other hand, it is not a one-coroponent system because 
it is not possible to get all sorts of mixtures of CaO and CO* from CaCO* alone. 

In studying the equilibrium of a gas we determine pressure and temperature. 
If both temperature and pressure can be varied without chanpng the number of 
phases present, we have two decrees of freedom. In studying a solution of a definite 
substance in water we measure temperature and concentration, and we say that there 
exist two degrees of freedom if we can vary the temperature and concentration with- 
out causing the number of phases to change. 

The Gibbs rule is 

^C + 2 

when P is the number of phases, C is the number of components, and F the d^ees 
of freedom in a state of equilibrium. 

This is a very important generalization. Let us take a few examples. If we study 
the equilibrium conditions of a one-coroponent system such as water, we find that 
we can express all possible conditions m terras of the two variants pressure and 
temperature At 0 0076® and 4.57 mm of aqueous pressure, we can have existing 
together in perfect equilibrium the three phizes, ice, water, and water vapor. Then 
appljdng the phase rule we have 

3 phases + 0 freedom *= 1 -f 2 

There is no freedom to the system when ic^ water, and water vapor are existing 
together in a state of perfect equihbrium, and we have a state of invariant equilibnu^ 
On the equilibrium diagram there is such a so-called triple point at 0.0076® and • 
mm pressure. 
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The eystem salt and water can be e-tpressed in terms of concentration of the solu- 
tion and temperature. At >-22* and with about 23 per cent of dissolved sodium 
chloride, there can exist four phases In equilibrium side by side, and we have what is 
called a gucdrwp/e foint. TTie four phases are water vapor, liquid solution, solid 
ioc, and solid salt. If cither the concentration of the solution or the temperature is 
changed, one phase will disappear. For a two-component system, P -f- F » 2 + 2; 
and nhen all four phases are present together, there is no freedom and the system is 
in a state of invariant equilibrium. 

Tlie alloys of iron and carbon can be studied on this basis. In reality the alloys 
contain more than two components, Fe and C, but it is simplest to study them on 
this basis and then find the effect that other constituents exert. Figure 50 is an 



equilibrium di.igram of iron and carbon. Temperatures arc plotted as ordinates 
and concentrations of carbon a-s al>scls5.as 

In nppb ing the ph.asc rule to this diagram, it is a-s-mmed that tlic vapor phase is 
always present nllhouRli to an m-ipprcciable extent. Neglecting this phase, the rule 
liccomes /’ 4- • C -h I, which me.'ins that the system has no freedom, or is m- 

etinan/, w hen tlircc solids or tw o soIhIs and a liquid exist together. If the tempera- 
ture IS changed, one phase dis.appcara Tlie diagram shows two such points, Pand 
/* At F. ( I .1 per rent C and 1 100*) the luelt can exist in equilibrium w ith two solids, 
called au'if-mte and ecmn\t\te. The intimate mixture of the«e two pha<cs which exists 
in t^juilibnum witli the molten metal at F is railed a rvlccttc. Cementite is the metal- 
lograpliic tismepi%cnlorciC; niHtmite is the name given to a solid solution (mixed 
crystals) of TeC in I c. According to its api»earanrc under the microvope, the solid 
solution of 1>,C in Tc is given different names. Austenite may be assumed to repro- 
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sent the solid solution in the state in which it exists at high temperatures. On cool- 
ing it tends to break down into iron and ccmcntitc, and the point P on the diagram 
is where an intinaate mixture of Fe and Fe*C, called pearlite, is in equilibrium with 
the solid solution of Fe»C in Fe. As the austenite breaks do^ra into Fe and FejC, 
it passes through the stages called martensite, troostite, and sorbite. The transition 
to martensite takes place so readily that austenite is seldom found in commercial 
steels. Troostite and sorbite have been called colloidal solutions of FejC in Fe. 

The point P on the diagram has been called the eulectoid point, but the name pearl- 
ite is commonly given to the Fe-C alloy of this composition because, when the 
annealed sample is polished and etched slightly, the “ eutectoid ” shows under the 
microscope a luster similar to that of mother-of-pearl. 

If a sample of Fe-C alloy vdth, say, 1 per cent of carbon is cooled slowly from the 
molten state and the temperature is plotted against the time, the rate of cooling 
will lag a little, showing an evolution of heat due to the separation of a solid, when 
the line DE is reached. The solid that separates out is austenite of the composition 
corresponding to that temperature, as is shown by drawing a horizontal line across 
to the line DB. As the temperature falls, the freezing point of the alloy follows the 
line DE and the carbon content of the solid solution follows the line DB, Since less 
than 1.7 per cent carbon is present, the only product on solidification mil be austenite. 
If more than 1.7 per cent of carbon is present some eutectic will be formed at 1100*, 
the amount increasing as the C content approaches 4.3 per cent; an alloy of 4.3 
per cent C and 95.6 per cent Fe will solidify entirely at 1100“ and show a melting 
point os sharp as if it were a pure compound. 

The region above the lines DEC in the diagram represents molten metal and a 
field of bivariant equilibrium. The region DBPF represents austenite, or solid 
solution, and another field of bivariant equilibrium. The lines FPB show where 
the solid solution should break down, and on these lines there is imivariant equi- 
librium except at the point P. FP shows where pure Fe separates out xmtil, at 700*, 
pearlite is deposited. The line BP is where FejC separates out. 

On the diagram three critical points are ehoxvn at Au, Art, and Arj. These are 
said to mark three allotropic forms of Fe: «-Fe is stable below 767“, ff-Fe between 
767“ and 900®, and-y-Fe above 900®. Carbon is soluble only in y-Fe, so that we may 
say that the field DBPF represents the region where a solution of C (or of FejC) 
in y-Fe exists. 

All the transformation points in the equilibrium diagram are found a few degrees 
higher when they are approached with rising temperature, and that is why a distinc- 
tion is made between Ari, Aft, Ar* and Aci, Acj, Acj, the letters r andc referring 
respectively to the French words refTotdissemenl and chauffage. 

A sample of steel cooled slowly so that all the transformations are allowed to take 
place should contain ferrite -f- pearbte if it contains less than 0.85 per cent C and 
cementite 4* pearlite if it contains more than 0.85 per cent C. If the steel is cooled 
rapidly (quenched) from a temperature above the FPB line, the condition existu^ 
at the temperature from which the quenching took place is retained. The steel is 
in a strained state and is very much harder than if it had been allowed to cool slowly- 
If the steel is heated the transformation Into the stable condition begins to take 
place before the FPB line is reached 

On slow cooling of irons the metal should consist of austenite 4* eutectic or ce- 
mentite 4* eutectic, but the Fe»C is not veiy stable and it may break down into Fe 
and C. The presence of silicon tends to hasten this change, and when the C has 
deposited as graphite we have a gray cast iron. Sulfur tends to prevent this breaking 
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down of the FesC, and when no graphite is formed we have a v:hite casl iron which is 
very hard and also brittle. 

This is not the place to go deeply into the metallography of iron and steel, but it 
seems desirable that every analyst should know that the condition of the carbon is 
just as important as the quantity of carbon in determining the properties of steel 
and that the heat treatment given the steel may change its properties entirely. 

The chemist distinguishes between total caAon, combined carbon, and graphite. 
In steel, usually no uncombined carbon is present; and although attempts have been 
made to distinguish between combined carbon that is present as cementite, PejC, 
and that present in solid solution (martenate, austenite, etc.), which has been called 
“ hardening carbon,” the total carbon is the only determination that the chemist is 
usually ashed to make on steel. In the analyris of irons, usually the total carbon and 
the graphite are determined and the combined carbon is found by difference. 

In the chemical analysis of iron and steel the total carbon is usually 
obtained by combustion. In this country, this is usually done in the 
dry way with an electric furnace. In some parts of Europe a wet com- 
bustion, or oxidation by a mixture of chromic and sulfuric acids, is pre- 
ferred. For a long time it was considered desirable to remove the iron 
by volatilization in a stream of chlorine (Wbhler) or by treating the metal 
with a solution of double chloride of copper and potassium (Berzelius- 
Richter), but at a temperature of 1100® it is possible to get complete 
oxidation of the sample without removing the iron, and the procedure is 
thus shortened. 

The combined carbon is sometimes determined quickly by matching 
the color of the solution obtained by dissolving the steel in nitric acid, 
but the color is not strictly proportional to the carbon content and a 
hardened steel gives a different color from that pven by an annealed 
steel with the same carbon content. If speed is required, it is possible 
to determine carbon by combustion in less than 10 minutes, so that there 
is no longer any excuse for carrying out the colorimetric determination 
except in small steel works with limited laboratory equipment. 

The carbon content can be estimated quite closely by means of a microscopic 
examination of the etched, polished surface of a sample of steel. Spark testing has 
also been used. In the old dayatho eteel was “ Btiurk ” -wiiK . 

grinding wheels were 
made it possible to c 

clcctrical-resistance or Lnlund method is based upon the fact that elements dis- 
solved in iron increase the specific electrical resistance by an amount inversely pro- 
portional to their atomic weights, and carbon can be held in solid solution of thrown 
out at will m the case of stcch cooling slowly or by quenching. The difference 
between the specific electrical resistance of a properly prepared and quenched 
sample and that of the same or a wmilar epecimen uhich has been annealed or 
normalized gives a factor from which the percentage of carbon can be calculated 
Ftnafly the magnetic method depends upon the fact that the incremental permea^ 
bihty of steel as measured by the deflection of a ballistic galvanometer is proportional 
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to the carbon content. Other aUoymg elements have a similar effect, bo that this 
method of testing, which can be carried out with an instrument called the earbm^ 
eter, is restricted to the preliminary testing of pbun-carbjn steels made by the 
open-hearth or by the Bessemer process. 

In classifying steels according to the carbon content, It is quite common to call 
each O.Ol per cent of carbon a point. Thus a 10-pomt carbon steel is one containing 
O.IQ per cent carbon. 

Betenmnation of Total Carbon by Direct Combustioii in Oiygea 
Apparatus. A smtablc arrangement is shown in Fig. 51 together with some parts 
that can usually be omitted. The entire set-up is called a ambujlion train, and the 
front end is on the right where the excess oxygen leaves the apparatus. Sometimes 
this is called the exit end. Beginning at the back end, A represents a cylinder of 
oxygen which can be purchased filled with oxj'gen of about 05 per cent purity and 
free from GO, COj, or any other acidic gas or carbon-bearing material If oxygen 



Fia. 51. Diagram of combustion train for the determinatjon of carbon in sted.* 


of this purity cannot be obtained, special provision must be made for purifying it 
in the train. B represents a reduebg valve whereby o.’g^gen can be forced at an 
easily regulated speed through the apparatus. The reducing valve must be capable 
of stepping do^m the pressure of the gas so that it can be made to leave the valve 
at a pressure of not more than 2 pounds per square inch and permit a steady fiow 
throughout the tram. 

C represents a purifying train. With oxygen of the above-mentioned purity there 
is no need of this, but it is customary to insert here a CO» absorber, such as a soda- 
lime or an Ascarite tube. If the oxygen is not pure it must be passed through a tube 
loosely packed with ironized asbestos which is heated to about 600®. 11113 causes 
combustion of CO or any other carbon compound in the gas, and the CO: formed 
is absorbed in a tube containing soda-lime or Ascarite. To prepare the ironized 
asbestos, saturate some well-shredded asbestos with 10 per cent ferrous sulfate 
solution, w'hich is slightly acid with sulfuric acid, dry, and finally ignite at 1000 
for 6 to 8 hours. 

In Hg. 51, 1 represents the preheater, 2 is an absorption tube containing soda- 
lime or Ascarite, and 3 is a drying tube containing an efficient dehydrating agent 
such as fu-sed calcium chloride, Drierite, Anhydrone, phosphorus pentoxide, or 
Dehydrite. It is best to use here the same absorbents for CO: and HjO that we 
used at the other end of the train. It is important to have these gases removed with 
the same efficiency at both places. 

^ Sampling and Analysis of Caidmn and AUoy Steels, Methods of the Chemists of 
United States Steel Corporation. 
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D represents a mercury trap or manometer. It serves to give a rough idea of 
the prevailing gas pressure and to prevent the backflow of gas. It is not at all 
necessary to have this manometer, but it is convenient to have some means of 
knowing that the pressure of oxygen is being maintained. This is sometimes shown 
by inserting a liquid absorbent for CO» or a tube containing concentrated sulfuric 
acid at the front end of the apparatus, but the use of liquids is not to be encouraged 
except at the extreme front end of the train (L in Fig. 51). 

The electric furnace is shown at E. A furnace capable of giving temperatures 
bctw’ccn 1000* and 1100* is satisfactory. It has been claimed that temperatures 
above 1150* are likely to cause reduction of some COi before it can be taken away 
from around the boat, but experiments w-ith temperatures as high as 1400* W’ith a 
combustion tube at least 1.125 in. in diameter and a sufficiently rapid stream of 
oxygen have failed to substantiate this claim. Tlie furnace should operate on 
either 110 or 220 volts A new furnace should be heated slowly to the desired 
temperature or the refractory may crack and crumble away from the outer 
insulation. Low-temperature furnaces for operating below’ 1100* are generally 
wire wound and arc best operated at low voltages with an alternating current 
and transformer. 

It is possible to make the furnace m the laboratory. To do this wrap the porce- 
lain combustion tube in a thin sheet of asbestos and wind around it about IIO turns 
(40 ft ) of No. 20 B and S gauge nichrome wire in a space of about 7.5 in. along the 
tube, Tlicn cover the wire thoroughly with Alundum cement, dry, and encase it 
in an insulating shell. This shell should be about C in in diameter and 9 in. long, 
packed with asbestos pipe lagging. Close the ends with disks of Transito that 
carry the wire terminals Laboratories where many combustions are made some- 
times require multiple furnaces canying as many as five combustion tubes. 

At F in Fig. SI is a rheostat whereby the temperature can be kept witliin the 
operating limits. With proper attachments it is possible to make the temperature 
control automatic, and this Is advisable s\hcD many combustions arc to be made. 
To operate a furnace without automatic temperature control a pyrometer is 
necessary as temperatures above 950* cannot be judged closely with the eye. The 
hot junction of the thermocouple should be located wnthiu the heating chamber as 
near the combustion tube as pos.qbic. With temperatures of about 1000* the 
pyrometer is not ncccs.sary except for checking the eye readings. An optical pyrom- 
eter focused on the end of the boat can be used. Gold melts at 10G3®, and a 
correct opemtinR temperature is one at which gold melts. 

Tlie combustion takes place preferably in a combustion tube of unglazcd vitrified 
clay or porcelain though some brands of fused quartz can be used up to 1200*. The 
combustion tuW should l»e about 2S in. long and have an intcm.'il diameter of about 
1.2 in. Tlic exit end of the tube is preferably reduced in diameter to permit con- 
nection w ith rubl)cr tulnng. Such a tuljc is shown at 11 in Fig. 51. The front end 
of the tul>o remains cooler if tlic rwluction in sire is made in two steps. Tlie inlet 
end of the combu'^tion lu1)C is preferably proxaded with a breech connector which 
can be attached to the combustion lulic by pfarfer of pnni mixed with 2 per cent 
acetic acid Sometimes a ground-gltss stopper fits this end of the tube. If a 
ruhlicr stopper is u-hhI, it should be providc<l xvith a suitable shield against the heat 
or It should be water-cooled rigure 52‘ shows a lireech connector winch is made 
of bra-sjs h.vs a hlue-gliss window, and connects to the body by a bayonet joint 
which tightens a.s it is tumcsl clockwise. 

‘ I>om 11. Lundcll, IIofTman, and Bright, Chemicul Anahjsu of Iron and Sled. 
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DETERMINATION OP TOTAL CARBON 347 ^ 

To prepare the absorption tube for sulfur-containing gases, place some ironized 
asbestos in the bottom of a Midvale tube (see Fig 44C, p. 325) and fill within about 
an inch of the top with an even distribution of coarse and fine MnOjj then pack with 
a plug of glass wool at the top and close with a one-holed rubber stopper carrying 
capdlary tubing. This tube may require couditionmg to prevent absorption of COj 
Place it in the combustion train just behind the drying tower, and run two blank 
determinations with a high-carbon steel sample. If the carbon result is low, repeat 
with a high-sulfur steel. One filling should last for several hundred combustions. 

K in Fig. 51 represents the weired tube in which the carbon dioxide is absorbed. 

A Midvale tube such as is shown in Fig 44 on p. 325 is suitable. It is filled with glass 
wool at the top and bottom, Ascarite or soda-hme, and the same desiccant as used 
in J. Fill a newly packed tube with o-^gen, weigh, and run a blank with a steel 
containing a known quantity of carbon. This tube should have as counterpoise a 
similar tube which is kept near it at all times. 

L in Fig. 51 is a gas-flow indicator. Usually concentrated sulfuric acid is used, 
and the rate at which bubbles of gas pass through it show's whether there is a suf- 
ficient supply of oxygen. 

Before starting an analysis, obsen'e the following precautions: 

1. First test to SCO if there arc any leaks. Close the stopcock at K 
in Fig. 51, make sure that the valve at A on the oxygen tank is open 
sufficiently, and then carefully turn the needle valve at B to permit 
oxygen gas to enter the train. If the apparatus is light, it can be told 
by watching the manometer lube at D. If this is not used, leave the 
stopcock at K open and close the exit at L before opening the valve at B. 

2. Allow oxygen to pass through the furnace heated to 1000® for at 
least 16 minutes, introduce the boat with its lining of Alundum, attach 
the weighed absorption bulb /C, and proceed exactly as in a determination 
(see below). Weigh the tube again against its counterpoise and, if neces- 
sary’, continue this heating as in a determination, until the blank is 
within 0.0005 g. Sometimes it is well to carry' out a determination with 
a Bureau of Standards sample of steel. 

Procedure. After the train has been tested and the furnace is at 
1000° weigh the absorption tube to thcnearcstO.OOOlg against its counter- 
poise. The absorption bulb can bo of the Midvale, Nesbitt, Fleming, 
Newburgh, Vanicr, Muehlberg, Richards, or Miller type; all are satis- 
factory’. It is usually assumed that Ascarite is its ow’n drier. Numerous 
experiments liavc show’n that this is true, but in determining small 
quantities of carbon it is well to place a little Anhydrono or phosphorus 
pcnioxidc at the top of the bulb where the gas leaves the bulb. The 
same desiccant should bo used as was placed in J of Fig. 51. A newly 
packed bulb should be mth oxy'gcn to replace the air and allowed 
to stand in the balance case at least 5 minutes before weighing. The 
bulb and its filling should not wcigli over 100 g, and it is best weighed 
against another tube of the same kind as counterpoise. A freshly filled 
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bulb can bo used for many determinations but it should be refilled when 
half the Ascarite contents of the tube have become discolored and nearly 
white. 

Make a V-shaped groove or furrow in the bedding or lining of the 
boat, which has already been tested by the blank run, and wei^ out 
1.364 g of ordinary steel or 2.727 g if the carbon content is low. These 
. , , , • . . atomic weight C . _ 

are factor weights; the value of the fraction — ; . is 0.2727, 

mol. weight CO 2 

and if the sample of steel weighs 1.364 g the percentage of carbon is 
found by multiplying the weight of COj in grams by 20. Time is saved 
in a busy laboratory and there is less chance for making an error in cal- 
culation if a factor weight or some multiple of it is used. 

Before high temperatures were available, it was customary to add an 
accelerator to the charge to ensure complete combustion. With a 
furnace capable of a worldng temperature of 1200®, an accelerator is 
rarely necessary. Tin is the best accelerator for steels, and when 0.5 g 
of pure 20-40 mesh tin is added to the top of the charge in the boat, 
most alloy steels can be burned satisfactorily at 1050®. With very 
highly alloyed metals such as ferrochrome, tin alone is inadequate and it 
is necessary to add some pure, hydrogen*reduced iron or 2.727 g of a 
standard sample of commercially pure iron with known carbon content. 

Spread out the sample in the groove, and over this place a suitable 
cover. Insert the boat into the back end of the combustion tube and, 
with a clean rod or piece of stainless^teel wire, push the boat forward 
about 3 or 4 in. and let it warm up there for about a minute before pushing 
it into the hottest zone of the lube. This procedure is desirable with 
tubes that are sensitive to thermal shock such as results when a cold 
boat is placed at once into the hottest part. As soon as the boat has been 
pushed to the position shown at / in Fig. 51, close the tube and turn on 
the oxygen slowly imtil the flow is 300 to 500 ml per minute; the laiger 
flow is used in routine work where many determinations have to be made. 
The burning of the steel ^vill be shown by a diminished flow of gas at the 
front end of the train. Tlie combustion should be completed in 4 or 5 
minutes. Reduce the flow of oj^gen to about 150 ml, and allow 7-10 
minutes to sweep out the products of combustion from the furnace. 
Then close the oxygen valve, disconnect the weighed Ascarite bulb, and 
let it stand in the balance case at least 2 minutes before weighing- Tb® 
absorption bulb and its counterpoise, before being placed on the balance 
pans, should be momentarily opened to the mr to bring the pressure 
inside to that of the air. 

Meanwhile withdraw the boat from the furnace by means of a 
heavy wire bent at the end, examine the contents for complete combus- 
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tion, and place in a desiccator to cool for the next charge. If the fusion 
appears incomplete, repeat the determination with a higher temperature 
or with more accelerator. It should be remembered, however, that it 
is possible to bum out all carbon from the chips without actually fusing 
them, although this may require 30 minutes or more. Results obtained 
by pulverizing the residue and rebuming are usually less satisfactory 
than those obtained by startmg with a new sample. 

Volumetric Method 

The apparatus and procedure are the same except that a Meyer tube 
with 8 to 10 bulbs containing excess Ba{OH}2 is used in place of the 
weighed Ascarite bulb, the flow of oxygen should be only about 150 ml 
per minute, and about 25 minutes should be allowed for burning the 
carbon and sweeping out the furnace. After the combustion, the excess 
Ba(OH)2 is titrated with standardized HCl to a phenolphthalein end 
point. The precipitated BaCOj does not dissolve until the pH is con- 
siderably lower than that at which phenolphthalein is decolorized. 

Standard Hydrochloric Acid. Mix 8 ml of concentrated HCl with 
1 1 of water and standardize as described in Chapter XIV, “Acidimetry 
and Alkalimetry.” 

Standard Barium Hydroxide, Dissolve 20 g of Ba(OH)2’8HaO in 1 1 
of freshly boiled and cooled water. Filter through a large and rapid 
filter paper in a 6-in. funnel, and keep in a bottle which is provided 
with a guard tube filled with Ascarite or soda-lime and with a siphon 
attached to an overflow 80-ml pipet. To standardize this solution, take 
exactly 80 ml of it, add 25 ml of water and 2 or 3 drops of phenolphthal- 
cin indicator solution, and titrate with the standardized HCl until the 
phenolphthalein is decolorized. Add the acid slowly toward the last 
so as not to overstep the end point. 

Procedure. \ycJgh out the sample exactly as in the previous method 
and have it rc.'uly to be inserted into the combustion tube. Transfer 
exactly 80 ml of the standardized BafOH): solution to the 500-mI heavy 
Erlcnmeyer flask shown in Fig. 53,* avoiding contact with the air as 
much as possible. Immediately insert the rubber stopper which carries 
the Moyer bulb tube and an inlet tube for the gases from the furnace. 
Connect the inlet tube to the front end of the combustion train, and omit 
the gas-flow indicator shoum at L in Fig. 51. Support the flask and the 
Meyer tube in an inclined position so tliat the liquid in the flask vill be 
forced into the bulb tube by the gas from the furnace. Insert the boat 

* From Lundell, Hoflman, and BriRht, Chemical /Irw/ym of Iron and Sled. The 
directions arc tho^ of the chemists of the United States Steel Corporation. 
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into the combustion tube, turn on the oxj'gen gradually, and adjust it 
during the combustion so that an excess of oxygen gas is always present 

and gas is constantly bubbling 



Fig. 53. Flask and bulbs for absorbing CO 2 
in Ba(OH)j. The flask and the tube are sup- 
ported at an angle of 45" to the table, during 
the combustion of the steel. 


slowly through the absorption 
gas. Note the appearance of 
the Ba(OH )2 solution, which 
will become distinctly turbid 
in about 5 minutes, showing 
that oxidation of the sample 
has begun. If necessary, in- 
crease the flow of gas while the 
sample is burning and then re- 
duce it to the normal rate of 
about 150 ml per minute. 
Continue the flow' of oxj’gen 
about 20 minutes longer, turn 
off the oxygen, and disconnect 
the absorption flask. 

Hold the flask so that the 
bulb tube is in a vertical por- 
tion; as the solution flows into 
the flask, rinse the bulbs with 
a stream of cold water which 
is free from CO 2 , and gradually 
raise the stopper. Finally, 
when the inside of the bulb 
tube has been washed with 
about 25 ml of water and the 
bulb tube has been raised 
above the liquid, wash the outr 
side of the tube where it came 
in contact with the solution. 
Add 3 drops of phenolphthalein 
solution and titrate slowly with 
the standard HCl, agitating 
the contents enou^ to ensure 
complete mixing but avoiding 
shaking mth air. Take the 
disappearance of color as the 
end point. Deduct the vol- 
ume required from that used 
in the standardization of the 
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Ba(OH) 2 , and the difference gives the milliliters of HCl equivalent to 
the carbon of the sample. One milliliter of 0.1 N HCl = 0.0006000 g C. 
From the standardization value of the acid the exact value in terms 
of C can be easily calculated; the solution is approximately 0.1 N. 

It is common practice among steel chemists to standardize the HCl solution 
against a standard steel. This is not to be recommended because, when a sample of 
steel is certified to contain 0419 per cent carbon, the values actually obtained by 
different analysts have sometimes ranged from 0.401 to 0 440, which corresponds 
to a deviation of about 10 per cent of the actual carbon content. Such an error 
would be inexcusable in a standardization of HCl against pure NajCOj. A cer- 
tified steel should be used to check a metiiod of analysis but never for standardising 
solutions to be used in an accurate analysis that takes place as represented by 
chemical equations 


Detennmation of Graphite 

Dissolve 1 g of cast iron in 50 ml of 6 N nitric acid in a 300-ml beaker 
and heat gently until there is no further evolution of gas. By this 
means the carbide carbon is dissolved while the graphite is not attacked. 
Filter the solution through an ignited asbestos filter; wash the residue 
with hot water, then ^nth a hot 12 per cent solution of potassium hy- 
droxide (d 1.1), followed by hot water, dilute hydrochloric acid, and 
finally with hot water again until free from chloride. After drying at 
110®, transfer the asbestos and graphite to a combustion tube and bum 
the carbon in a current of pure oxygen as described on p. 348. 

Instead of weighing the CO 2 formed by combustion or measuring the 
volume of Ba(OH)8 required to react with the CO 2 , numerous other pro- 
cedures have been proposed. Sometimes the BaCOs is filtered out of 
contact Avith air, the filtered precipitate is dissolved in a measured volume 
of standard acid, and the excess acid is back-titrated with base to a methyl 
orange end point. The determination has also been based upon the elec- 
trical resistance of 200 ml of Ba(OH)j solution before and after the 
absorption of CO 2 , and sometimes the volume of the CO 2 gas has been 
measured. In laboratories where an electric furnace is not available, 
wet combustion wth CrOa, concentrated sulfuric acid, and a copper salt 
as catalyst has proved successful (see p. 352). One of the late de- 
velopments has been the simultaneous determination of the CO 2 and 
the SO 2 formed from the sulfur in the steel. Several procedures for 
doing this have been recommended. 
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Determination of Total Carbon by Wet Combustion 
The Chromic-Sulfuric Acid Method 

In this method the borings, which should be as fine as possible and free from grease, 
are treated with a mixture of chronuc and sulfuric acids and heated to boiling. 
Thereby, the iron goes into solution and the carbon is oxidized to carbon dioxide. 
In spite of a large excess of chromic acid, however, some carbon is likely to escape in 
the form of hydrocarbons and carbon monoxide, unless precautions are taken. 
To prevent such losses, Samstrom^ recommended leading the escaping vapors over 
copper oxide in a combustion tube,* 80 cm long, which is heated in a combustion 
furnace. Many experiments have diown that the method of Samstrom gives exact 
results, although objection has been raised to the long combustion tube that is 
required. 

Corleis has succeeded in simplifying the method by showing that a very short 
combustion tube, filled with copper oxide and heated by a single Bunsen flame, 
suffices if the sample is covered with a coating of copper during the treatment with 
chromic and sulfuric acids. In fact, the use of the combustion tube is unnecessary 
in an ordinary steel analysis, because only 2 per cent of the total amount of carbon 
present is lost in this case. In the analysis of ferromanganese and similar alloys, 
however, the use of the hot tube is to be recommended. 

Ledeburi even found that the results obtained with irons, rich in graphite were 
a little too high on account of the formation of some sulfur dioxide, but this error 



can be overcome by passing the gases through chromium trioxide just before they 
enter the combustion tube. 

The apparatus required is shown in Ilg. 54 and consists of a Corleis decomposition 
flask A with condenser. 

* Samstrom, Berg~ und HuUenm. Zlg , 1885, 82, and Corleis, Stahl u. Eisen, 
1894, 581. With ferromanganese the loss amounts to 22.5 per cent of the total 
carbon, with steel 9 per cent. With ferromanganese the escaping gases contain, 
besides carbon dioxide and traces of heavy hydrocarbons, 18 per cent methane, 
76 per cent hydrogen, 3 per cent oxygen, and 2 per cent carbon monoxide. 

* A small tube of glass, quartz, or porcel^ filled with copper oxide or platinized 
asbestos. 

* Leilfaden fur EismhuUen-Ldborat. 
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The flask is connected, as shown in the drawing, on one side with a soda-lirae 
tower, TF, at the bottom of which is placed a little concentrated caustic potash solu- 
tion, and on the other side w ith a ^stem of tubes. The tube B is about 10 cm long 
and contains chromium tnoxide between 2 asbestos plugs. The tube C is 15 cm 
long, is m.ade of difficultly fusible glass, and filled nith granular cupric oxide. It is 
placed in a little box made of asbestos paper. The tubes a, h, c, d, e, and / are filled 
exactly as described on p. 347. Tubes a, b, and c are drying tubes, the first contain- 


but is used to avoid any chance of carbon dioxide or moisture entering the weighed 
tubes from the air. 

Reagents, 1. A saturated solution of pure chromic acid anhydride CrO, free 
from organic matter. Some samples marked “chemically pure” have been found to 
contain organic impurity. 

2. A solution of copper sulfate made by dissolving 200 g of the salt in 1 1 of 
water. 

Procedure. Remove tlie ground-glass stopper a, and through the 
opening pour 25 ml of chromic acid solution, 150 ml of copper sulfate 
solution, and 200 ml of concentrated sulfuric acid into the flask, A, 
and mix. Heat tlie mixture in the flask to boiling and keep at this 
temperature for 10 minutes. Then remove the flame and pass a cur- 
rent of air free from carbon dioxide through the apparatus for 10 min- 
utes at the rate of about 3 bubbles per second. Connect the flask with 
the tube B, the red-hot copper oxide tube, and witli the U-tubes,^ while 
continuing tlio current of air for 5 minutes more. Remove the soda- 
lime tubes d and e, close, and allow to stand 10 minutes in the balance 
room. Open for a moment, quickly close, wipe dry w’ith a piece of cham- 
ois skin, allow to stand 5 minutes in tlie balancc-case, and then weigh. 

By means of this preliminary boiling, traces of organic matter con- 
tained in the apparatus are removed. 

After weighing the soda-Umc lubes, connect them again 'n'ith the 
apparatus, open the decomposition flask, and quickly drop in 0.5-5 g 
of the weighed substance, according to tlie amount of carbon present,^ 
from a vcighcd gla'Js-stoppcrcd weighing tube, which is subsequently 
weighed again to determine the amount of sample. Immediately close 
the flask and heat the copper oxide tube to glowing, after which slowly 
heat the contents of the flask so that after 16-20 minutas the liquid be- 
gins to boil. Keep the solution boiling for 1 or 2 hours while passing a 
slow current of air througli the apparatus. Then remove the flame, and 

> Corlci«» us«l plio*>pIiorus pentoxide for n dtj'ing agent, but calcium cldoride is 
cf. i> .'KJ.'t. 

» For c.a5t iron 0 5 g suffices but for Btccl from 1 to 2 g and for wrought iron 5 g 
should be used 
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pass about 2 1 more of air throu^ the apparatus. Then remove the 
soda-lime tubes and weigh as before. 

Since the use of the copper sulfate solution prevents the loss of more 
than about 2 per cent of the total amount of carbon present, it is evident 
that the combustion tube can be dispensed with for technical purposes. 

Betermination of Carbon and Hydrogen in Organic Substances, 
according to Liebig 

{Elementary Analysis) 

Principle. The organic substance is burned in air or in oxygen and the produete 
of the combustion are parsed over glowing copper oxide, which oxidizes all the 
carbon to carbon dioxide and the hydrogen to water. The water is collected in a 
weighed calcium chloride tube or sulfuric acid worm, the carbon dioxide in a weighed 
vessel which contains either caustic potash solution, soda-lime of 2 per cent moisture 
content and phosphorus pentoxide, or Ascarite (asbestos impregnated with NaOH). 
Instead of the gas combustion furnace described here, many prefer to use an electric 
furnace. 

The combustion is performed 

(а) In an open tube. 

(б) In a closed tube. 

Combustion in an Open Tube 

Most combustions take place in a tube open at both ends, and usually 
a furnace heated by gas or electricity and a glass tube are used. The 
progress of the combustion can be watched through the glass, and a long 
horizontal column of copper oxide ensures the complete combustion of the 
carbon. It ^ possible in many cases to use an electric furnace and carry 
out the combustion much more rapidly than heretofore. With the 
electric furnace, it is easier to get a constant temperature sufficient to 
bum the substance completely, and with soda-lime of the best grade 
or with Ascarite there is less danger of carbon results being too low. 
With the Geissler bulb and caustic. potash solution, the rapid passage 
of causes volatilization of some of the water too fast to be absorbed 
by a short drying tube attached to the absorption bulb. 

Pregl has shown that it is posable to simplify the process greatly 
by taking a smaller weight of substance and using a miniature appa- 
ratus. This requires a more sensitive balance than is ordinarily used. 
Pregl’s argument that it is easier to get a perfect combustion with a small 
quantity of substance than with a laiger quantity and that it is possible 
to realize the necessary refinement in weighing, is a perfectly sound one 
and many chemists are enthuriastic about the results obtained with the 



COMBUSTION OF ORGANIC SUBSTANCES 


355 


so-called micro apparatus. Pregl finds that the technique is easier 
for a be^nner to master. For combustion in the old-fashioned way 
there are the following 

Requirements. (1) An open tube made of difficultly fusible glass which is from 
12 to 15 mm wide. The length of the tube depends upon that of the combustion 



FiQ. 55. 

furnace; it must be 10 cm longer than the furnace. (2) 350 g of coarse and 50 g 
of fine copper oxide. (3) A drying apparatus (Fig. 55 on the left). (4) A cal- 
cium chloride tube (Fig 56). (5) A Geis^er potash bulb (Fig. 57), or two soda-lime 




tubes or, best of all, an Ascarite bulb. (6) A scrcwcock. (7) Dry rubber tubing. 
(8) Two plates of asbestos board to protect the rubber stoppers in the two ends of 
the tube from the heat of the furnace. 


Procedure for the Combustion of Organic Substances Free 
from Nitrogen, Halogen, Sulfur, and Metals 

Preparation and Combustion 

1. Fill the calcium chloride tube (Fig. 56) from the left side, close with 
a plug of glass-wool, qnd fuse together the end of the tube, os shown in 
the figure.^ It is more practical to use a calcium chloride tube fitted 
with ground-glass stoppers. After filling the tube, saturate with carbon 
dioxide, to react w’ith any free lime in the reagent. 

' Or the tube is stoppered and an air-tight seal made by covering it neatly with 
ecalmg wax. 
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Rub tbe outside of the tube with a piece of chamois skin, and 
stopper the two ends with short pieces of rubber tubing each con- 
taining a piece of stiiTing rod. Allow the tube to stand in the bal- 
ance case for 15 minutes and then, weigh without the stoppers. 
Instead of calcium chloride, other drying agents can be used to advan- 
tage (cf. p. 325). 

2. Fill the Geissler bulb (Fig. 57) with caustic potash solution (2 parts 
solid KOH in 3 parts of water) as follows: Replace the small soda-lime 
tube d by a piece of rubber tubing, dip c into the solution of caustic 
potash, and fill the bulbs two-thirds full by sucking through the rubber 
tubing. Then clean the end of the tube c with a piece of filter paper, 
again connect the tube d (half filled with soda-lime and the outer 
half with calcium chloride), and close the two ends with pieces of 
rubber tubing each containing a piece of stirring rod with rounded ends. 
Wipe the apparatus with chamois and weigh wtihauC the stoppers, 
taking the same precautions as with the weighing of the large calcium 
chloride tube. A tube filled with solid Ascarite is much better than a 
Geissler tube with caustic potash. The prolong d in Fig. 57 does not 
retain all the moisture that escapes from the solution during rapid pas- 
sage of the gas. 

3. The drying apparatus (Fig. 55, on the left), which serves to free 
the air and oxygen used for the combustion from carbon dioxide and 
water vapor, consists of a wash bottle, D, containing concentrated 
caustic potash solution, the soda-lime tube a, and the 2 calcium chloride 
tubes h and c. 




Fig. 58. 

4. The combustion tube (Hg. 68), both ends of which are fire polished 
by heating in the blast lamp; after cooling, wash the tube, dry, and fill 
as follows: First place a short roll, fc, of copper gauze at the right- 
hand end of the tube so that 5-6 cm of the tube are left empty. This 
roll serves as a plug and must, therefore, fit tightly in the tube. Next 
add a layer of coarse copper o^dde, K, about 45 cm long, and after this 
place another plug of copper gauze, Finally insert another roll of 
copper gauze, d, about 10 cm long and large enough to fill the tube 
loosely, BO that a space of about 10 cm is left on the right and about 5 cm 
on the left. Place the tube in the combustion furnace, so that about 
5 cm extend beyond the furnace at each end, as shown in Fig. 55. Close 
the left end of the tube with a tightly fitting rubber stopper through 
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which a glass tube passes, and connect with the drying apparatus by 
means of a short piece of rubber tubing. (The tube should be pro- 
vided with a glass stopcock, which is shown in Fig. 58, a, but which is 
lacking in Fig. 65.) The right end of the tube is left open for the time 
being. 

Pass a slow current of oxygen* through the apparatus and light the 
furnace. At firet turn the flame low and heat the whole tube equally. 
Gradually raise the temperature, until, with the tiles covering the tube, 
the copper oxide is at a dull red heat. 

Usually some water condenses in the right-hand end of the tube; 
expel this by carefully holding a hot tile under the tube. When all the 
water is removed, and the presence of oxygen can be detected at the 
right end of the tube (by its igniting a glouang splinter), close this 
end of the tube with a rubber stopper connected to an open calcium 
chloride tube. Now turn down the burners and discontinue the oxy- 
gen current. Extinguish all the flames after some time except those 
under the right half of the tube. 

While the tube is cooling, weigh the calcium chloride tube and the 
potash bulb (or soda-lime tubes), replacing the stoppers immediately 
after the weighing, and weigh 0.15-0.2 g of the substance into a porce- 
lain boat. 

If the substance is a difRcuHly volatile oil weigh it from a small glass 
tube open at one end. If it is readily volatile, blow a small bulb on a 
piece of narrow glass tubing and draw out the open end into a small 
capillary tube; weigh this, beat the bulb, and introduce the capillary 
into the liquid to be analyzed, so that the liquid rises in the bulb as it 
cools. Tlien turn the bulb so that the capillary lies in a horizontal 
position, heat slightly to expel a little liquid that adheres to the sides 
of the tube, melt the end fcogctlier, and again weigh the tube. Take 
care that there is no liquid in the capillary. Everything is now ready 
for the combustion. Remove the stopper from the left (and now cold) 
end of the combustion tube; remove tlie long copper roll by means of 
a piece of ^Nire ^\'ith a hook in the end of it; place the boat with the sub- 
stance in it in the tube and the copper roll right after it. Make con- 
nection with the drying apparatus on the left and nnth the absorption 
tubes on the right, as is shown in Fig. 55. If the substance is a liquid, 
place the bulb containing it so that its capillary is pointed towards 
the left, and with a volatile liquid break off the end of the capillary 

> The oxygen must bo free from hydrogen. Commercial oxygen often contains 
hydrogen; if go, it is necessary to pass the gas through a “ preheating ’’ furnace 
before using it. Cf. p. 314. 
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with a file just before introducing it into the combustion tube. Close 
the stopcock between the tube and the drying apparatus, connect the 
latter with an air-gasometer, and open wide the stopcock in the drying 
apparatus and that between the drying apparatus and the combustion 
tube just enough to permit 2, or at the most 3, bubbles of gas per sec- 
ond to pass through the apparatus. Light the two outer burners on 
the left and heat the copper owde spiral d (the copper was changed to 
the oxide by the ignition in oxygen) just to redness. Gradually heat 
the tube from right to left, taking care that the gas evolution is never 
greater than 4 bubbles per second through the potash bulb; this can bo 
easily regulated by means of the stopcock or by turning the gas-burners. 
When the contents of the entire tube have been brought to redness, 
with the tiles in place, and the boat is empty, the combustion is usually 
complete. It is well, however, to pass oxygen through the hot tube 
until the gas can be detected at the right-hand end of the combustion 
train (a glowing splinter ignites at n).‘ Then turn down the flames 
and pass a current of air through the apparatus until the oxygen is 
completely expelled. A little water always collects in the front (right) 
end of the tube, and this must be driven over into the calcium chloride 
tube by bolding a hot tile under it. Now remove the calcium chloride 
tube and the potash bulbs, wipe off with a piece of chamois skin, allow 
to stand in the balance room for 20 minutes, and weigh without the 
stoppers. The gain in weight represents the amount of water and car- 
bon dioxide respectively, and from this the amount of hydrogen and 
carbon can be calculated. 

Remark. The combustion ;nay be accomplished as described for the deter- 
mination of carbon in steel but with the following precautions: 

1. Place plugs of copper gauze and a layer of copper oxide in the front end of the 
furnace as described above, but use less copper oxide because of the shorter furnace. 
Before the combustion heat in oxygen to convert the copper to copper oxide, as 
described above, and to bum any dust in the tube. 

2. Do not use more than about 0.1 g of substance, and cover it with about 2 g 
of copper oxide powder. Use a slower stream of oxygen as only about 12 ml b 
required for complete combustion. 

3. Have the combustion tube well cooled before introducing the boat with the 
substance and heat the front end of the tube firet by moving the tube so that the 
part containing the boat is outside the furnace. When the front end of the tube is 
hot, place the tube in its normal porition. 

4. Use the absorption train as described above, but substitute a Midvale or Flem- 
ing tube filled with Ascarite as described on p. 347. 


' To prevent moisture from getting into this tube from the £ur, it b well to connect 
it with an unweighed calcium chloride tube. 
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Determination of Carbon and Hydrogen in Nitrogenous 
Organic Substances 

By the combustion of many oi^nic substances containing nitrogen, 
especially nitroso and nitro compounds, oxides of nitrogen are formed 
which are partly absorbed in the calcium chloride tube and partly in 
the potash bulb, so that if such substance were analyzed according to 
the previous process, both the carbon and hydrogen results would be too 
high. If, however, a reduced copper spiral is introduced in the front 
(right) end of the combustion tube, this serves to reduce the oxides of 
nitrogen to nitrogen itself, and, as nitrogen is not absorbed, correct 
results will be obtained. 

Prepare the copper spiral by rolling together a piece of copper gauze 
about 10 cm wide, making it as lai^e as will conveniently pass into 
the combustion tube. Heat the spiral till it glows by holding it in a 
large gas flame, and while still hot drop it into a test tube containing 1 
or 2 ml of methyl alcohol. The alcohol quickly boils away, but some of it 
is oxidized to aldehyde by the hot copper oxide, which is reduced com- 
pletely to bright metallic copper. Take out the spiral with a pair of 
crucible tongs and dry by quickly passing it through a flame a few times, 
and while still warm introduce it into the front end of the combustion 
tube, which has been previously burned out as described in the previous 
analysis. 

To carry out the combustion, dose the stopcock between the com- 
bustion tube and the drying apparatus (Fig. 55), insert the substance 
into tho tube, and first heat the copper oxide spiral at d and then the 
reduced spiral at the other end of the tube. Then, beginning at k 
(Fig. 58), light one burner after another, until finally the entire contents 
of the tube are heated to dull redness and no more bubbles escape 
through the potash bulb. Now for the first time open the stopcock 
somewhat and pass oxygen through the tube until it can be detected 
at n, by a test nith a glowing splinter. Then gradually turn down the 
flames, replace the ox>'gen by air, and complete the analysis as in the 
previous case. 

Substances hard to bum are treated somewhat differently. First of 
all fill the back end of the combustion tube (Fig. 68) with the aid of the 
funnel T (Fig. 59), with fine, granular, but not pulverized, copper oxide, 
and ignite this in a stream of oxj'gcn. Replace the oxj'gen by air and 
allow the tube to cool until it can be held in the hand. Next transfer 
the fine, granular copper oxide to the small flask K, Fig. CO, and close 
tlio flask by inserting a tinfoil-covered cork, fitted with a calcium 
chloride tube, ^^^lile the copper oxide in the flask is becoming per- 
fectly cold, weigh the substance to be analyzed into the glass-stoppered 
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mixing tube M, Fig. 61. Transfer from one-sixth to one-fifth of the 
copper oxide in the flask to the mi:dng tube, stopper, and shake the 
contents well, whereby the substance becomes intimately mixed with 
the copper oxide to which it adheres. Transfer the mixture back to the 
combustion tube, and shake the mixing tube repeatedly with small 



Fig. 59. 



M 

Fiq. 61. 



portions of the remaining copper oxide in the flask until finally it can 
be assumed that all the substance has been transferred to the combustion 
tube. Then carry out the combustion in the usual manner.^ 


Combustion of Organic Substances Containing Halogens 

The analysis is conducted exactly the same as for nitrogenous sub- 
stances, except instead of a reduced copper spiral one of silver is used 
to keep back any halogen. The alver spiral should not be heated to 
redness, but only to about 18U-200®. If a silver spiral is not at hand, 
use a long copper spiral, its end reaching outside the furnace. 

*For another method of conducting a combustion in an open tube, consult 
M. Dermstedt, Z. anal. Chem., 40. 611 (1903). 
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Combustion of Organic Substances Containing Sulfur 
Sulfur compounds cannot be burned in a tube containing copper 
oxide, for the sulfur dioxide escapes 'and is partly absorbed by the 
water in the calcium chloride tube and partly in the potash bulb, so 
that absolutely worthless results are obtained. Instead of the long 
layer of copper oxide, use one of ignited lead chromate ; this oxidizes 
the sulfur dioxide to sulfur trioxide, forming difficultly volatile lead 
sulfate which remains in the tube. When lead chromate is used, the 
combustion must take place at a lower temperature than with copper 
oxide, for the chromate melts easily, and by adhering to the glass is 
likely to cause the tube to break. 

Combustion of Organic Substances Containing Metals 
If the substance contains alkalies, alkaline earths, or cadmium, a 
part of the carbon will remain in the tube as carbonate. In this case 
mix the substance in the boat with a mixture of 10 parts of powdered 
lead chromate and 1 part of potassium chromate, and conduct the 
combustion as when sulfur is present. 

Dumas* Method for Determining Nitrogen in Organic Substances 

This determination should really be discussed in Chapter XIX, but it will be de* 
scribed here on account of its being on analysis by combustion. 

Principle. The substance is burned In a combustion tube, free from air, which 
contains copper oxide and copper spirals exactly ns in the determination of the 
hydrogen and carbon in substances contwning nitrogen, but in this case the volume 
of the nitrogen evolved is measured. 

Procedure. This determination may bo carried out in either a 
closed or an open tube. 

(a) Determination of Nitrogen in a Closed Tube 

The necessary apparatus is shown in Fig. 62. The combustion tube 
is closed at one end and is about 75 cm long. It contains at M a layer 
of magnesite or of manganese carbonate 15 cm long, in pieces about 
the size of a pea, followed by a loose plug of ignited asbestos and then 
a lOKim layer of coarse copper oxide, S. Add the substance at « in a 
boat and mix with powdered copper oxide by means of a spiral wire 
(cf. p. 3G0), then add a layer of coarse copper oxide* about 40 cm long 
and finally the reduced copper spiral (prepared as described on p. 359). 
Place the lube in a combustion furnace and connect as shown in the 
figure with an azotometcr,* which contains mercury to a little above 

* The copper oxide mu<;t be previously iemted, os described on d 350 

* U Schiff, Dcr., 13, SS5. * 
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the lower end of r, and a liberal amount of caustic potash solution 
(300 g KOH dissolved in a liter of water). 

Begin the analysis (with the leveling bulb low and the stopcock of 
the azotometer open) by heating the left half of the magnesite layer, 
whereby the air in the tube is expelled by the carbon diojdde and passes 
through the azotometer. From time to time make a test to see whether 



all the air has been expelled. Raise the leveling bulb, and close the 
stopcock with the azotometer tube completely filled. If all the air 
has been replaced by carbon dioxide gas, the bubbles of gas will all be 
absorbed by the caustic alkali. When this occurs put out the flame 
under M. Heat the tube first at R and light the burners one after 
another toward the left until about three-quarters of the layer of coarse 
copper oxide is heated to a dull redness. Then heat the tube at S and 
continue the process as in an ordinary combustion until the whole 
tube (with the exception of the part where the magnesite is found) 
is heated to a uniform temperature and finally no more nitrogen is 
evolved. 

The heating must be accomplished so that there will be a slow but 
steady evolution of nitrogen. When the combustion is complete, 
heat the magnesite layer once more and expel all nitrogen remaining 
in the tube. As soon as the volume of the gas in the azotometer re- 
mains constant, measure the nitrogen. 
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For this purpose remove the azotometer together with the connecting 
piece of rubber tubing from the combustion tube and close the tubing 
by means of a pinchcock. Bet the apparatus aside for at least 30 
minutes at a place where a uniform temperature prevails, then raise 
the leveling tube until the solution in it stands at exactly the same 
height as that in the tube. Head the volume of nitrogen, the ther- 
mometer, and the barometer. 

The weight of the nitrogen present is computed as follows: 

Assume a g of the substance used for the analysis and V ml of nitro- 
gen obtained at and B mm barometric pressure. In order to obtain 
the weight of the nitrogen, its volume must first be reduced to 0® and 
760 mm pressure. If the gas had been measured over pure water the 
formula 

V(Bo—w) -273 
° 760(273 + «) 

would hold, in which Bo represents the observed barometer reading 
reduced to a temperature of 0® and w is the tension of water vapor meas- 
ured in millimeters of mercury. The nitrogen, however, was not 
measured over pure water but over a solution of potassium hydroxide, 
and the vapor tension of this solution is less than that of pure water. 
In fact, with potassium hydroxide of the concentration used, the dimi- 
nution of the vapor tension as compared with pure water almost exactly 
compensates the correction which would be applied in reducing the 
barometer reading to 0®. Consequently the following formula holds 
with sufficient accuracy: 

F(5-w)-273 
° 760(273 + 0 

As 1 ml of nitrogen at 0® and 760 mm has been found to weigh 0.0012506 
g,* then To ml of nitrogen will weigh 

0.0012506 X 1^0 g 


u . . • 0.1250G-ro , . 

and the substance contains — per cent of nitrogen. 

If the value of To is inserted in this last equation, and the constant 
values are united, it becomes 


X = 0.04493 


V(B - to) 
(273 + /) -a 


per cent N 


• Cf. “ Nitrogen ” in Chapter XIX. 
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(6) Deferminaiion of Nitrogen in an Open Tube 

Tte determination is carried out in practically the same way as 
before, except that the carbon dioxide is generated outside of the tube. 
If the combustion tube of Fig. 62 is imagined cut off at M and con- 
nected by means of the two-bulbed tube with a long test tube, as shown 
in the upper part of the figure, the apparatus necessary for this deter- 
mination will be seen. 

The long test tube contains sodium bicarbonate, and it is covered 
with a piece of copper gauze in order that it may be heated more uni- 
formly. 

At S is a long copper oxide spiral; this is followed by a copper boat 
contaimng the substance mixed with powdered copper oxide, then the 
^ long layer of coarse copper oxide, and finally the reduced copper spiral. 
After the connection with the azotoraeter has been made, heat the tube 
containing the sodium bicarbonate and remove the air from the com- 
bustion tube by means of the carbon dioxide evolved. The greater 
part of the water that is simultaneously set free collects in the two- 
bulbed tube. Otherwise the procedure is exactly the same as before. 

Remark. The advantage of this method over the former lies In the fact that 
the combustion tube can be used for a large number of nitrogen determinations 
without redlUng it each time. 

With difficultly combustible substances the authorprefers to work with the closed 
tube, for in this way it is possible to feet a very intimate mbeture of the substance with 
the powdered copper oxide. 

OXALIC Acid, H 2 C 204 - 2 H 20 . Mol. Wt. 126.07 
Forms: Calcium Oxide, CaO, and Carbon Dioxide, CO2 
Determination as Calcium Oxide 

Treat the neutral solution of an alkali oxalate with a few drops of 
acetic acid, heat to boiling, and precipitate with boiling calcium chlo- 
ride solution. After allowing to stand for 12 hours filter off the precipi- 
tate, wash with hot water, and treat the precipitate as described for the 
determination of calcium (cf. pp. 244, 265, 266). 

BORIC Acid, HjBOa. Mol. Wt. 61.84 

Determination as Boron Trioade, B2O3, by the Method of 
Rosenbladt-Gooch^ 

Principle. Alkali and alkaline*earth borates, on being distilled with absolute 
methyl alcohol (free from acetone) and acetic acid, give up all their boron in the 


Z. anal. Chem., 27, 18, 364 (1887). 
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form of mpthyl Iwratp. a liquid n hich IwjN at 65*. If the methyl borate brouRht 
into rontart witli a weiRhed amount of lime in the prc«enccof water, it is completely 
raponified: 

IHOCH,), + 311,0 - oCmOII + B(OII), 

llie Imrir acid Fet free comhinefl with the lime to form calcium borate. If the 
pa«lc of water and lime is evaporated to dryncra, the pain in weight, therefore, 
rrptr*ent5 the amount of B,0|. 

Procedure. Ignite about 1 g of the puirst lime' obtainable to 
con‘*tnnt weight over the blast lamp, and transfer as much of it as 
[W'-'-ihlc to the dr^' Ericnmeyer flask (Fig. 03) which serves ns a re- 
ceiver. Place tlio crucible, with 
some of the hmo adhering to il, in 
a desiccator and set aside for the 
prtyent. 

Slake llio lime in the fla-sk by care- 
fully adding alxiut 10 ml of water. 

C'onncct the fltisk with the distilla- 
tion fljisk as shown in the figurc.* 

Tn‘at llie aqueous solution of the 
alkali i)urato (coninining not more 
tlian 0.2 g IJjO,) with a few drops 
of rithor litmus or lacnioid solution, 
and n(I<l li.vdrr»fliIoric acid tlrop by 
<In)p until the solution turns rtxl. 

'riien n(l<! 1 drop of dilute sothiim 
Ij\(lr()\i(li’ and a few drops of acetic 
arid.* Atld tin* faintly ari<l s<»hition 
hy Tne.an« of the funnel T to the 
piiyi-‘*haixsl retort, ll, of nlmut 200-mI caparitv. Hince out tlie funnel 
turn's wiilt Ibtnl jxirtions of water and clrw' the stopcock. Distil 
ofT th>* lujunl hy filaring ll in a inmffin bath at not over 1 10’, and col- 
lect th<‘ cli-till.ati* in tlie Ihlenineyrr fla^k coninining the lime, ^\^len 
all the ItquMl Im-i ih'lillcl over, lower the paniflin bath and, after l{ 
Im-. nxihnl somewlmt, mid 10 ml of methyl alcohol (free from ncctone) 

• Ifi'Vi.l f.f lirr***. t;.Trwh «m! hm' -t-T r of tune«t.ntc fuvd with 

ti.', c ttt), in n iilstinmn rninMe lo e\pr| na> r.-irl-uii'' fl'-i.I. ll.p fuvxl 
t» arj-l 

' To p^rn.it tt.»- r-.-if*' of sir fr».in tlx* rule n rul in the ndf of ||,o rnrk 

el I 

‘ll ,» i'.tU rvtiiralir^. tl.»- KTrMrr pirt of thr alUli with hjdnv 

a' .M a-*J U rn tlx- u.t of It «ah arrti- «ri-l |/ all tJ,r alLa!, artilnj. 
t:ol •»!}, ftrlj, liJllr of of t!,- * ftrkl WotlU pIM o\ rf intoll.r- fTTrUtc 

tl ll*r • >'i t d'Ui'litr-n With »!■»»*.» I, 
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through the funnel and again distil off the liquid in R, Repeat this 
process 3 times. Then add 2-3 ml of water to the retort, a few drops 
of acetic acid until the liquid becomes distinctly red again, ^ and repeat 
the distillation with 10 ml of methyl alcohol 3 times more. At the end 
of this time all the boric acid wll be found in the receiver. When the 
distillation is over, the retort should removed from the paraffin 
bath by low'ering the bath. If this is not done, the retort is likely to 
break when the paraffin solidifies. Shake the stoppered fiask thoroughly 
and allow to stand for an hour or two to make sure that all the methyl 
borate is saponified. Then pour the contents of the receiver into a 
2Q0-ml platinum dish and evaporate on the water bath to dryness at as 
low a temperature as possible. During this process the alcohol must 
not be allowed to boil under any circumstances. Then, in order to 
remove the small amount of, lime that remained adhering to the sides 
of the flask, add a few drops of dilute nitric acid to the receiver, and, by 
carefully inclining the flask, wet its entire inner surface with the acid, 
after w'hich wash the contente into the platinum dish and evaporate to 
dryness again. This time the water in the bath may boil, os there is 
now no danger of losing the boric acid, all the alcohol having been 
removed by the firat evaporation. Gently ignite the residue in the dish 
over a small flame to destroy the calcium acetate that was formed by 
the excess of acetic acid added. Allow to cool, and transfer by means of 
a little water to the crucible in which it was originally weired. Dis- 
solve the dark-colored lime remaimng on the sides of the dish in a little 
nitric or acetic acid and wash into the crucible. Evaporate the con- 
tents of the crucible to dryness on the water bath and, with the cover 
upon it, ignite the crucible at first gently and finally more strongly until 
a constant weight is obtained. The increase in weight represents the 
amount of BjOi. 

Remark. This method affords faultless results, even in the presence of consider- 
able amounts of other salts. Free halogen hydride or sulfuric acid mu.st not 
present, for these acids form esters wUh the methyl alcohol and distil over with 
boric acid, wjth which they w'ould be weighed. Instead of using hme in the re- 
ceiver, the methyl borate can bo distilled into a dilute solution of ammonium car- 
bonate, and the latter evaporated with slaked lime in a platinum dish immediately 
after the distillation. 

If one possesses a large platinum crucible (with a capacity of S0~100 ml), the first 
evaporation can take place in this and it is then advisable to place the crucible 
within a ring-shaped copper or tin tube through which steam passes. In this way 
the calcium acetate docs not creep up over the mdes of the disb, and there is no danger 
of any btunping. 


* By the repeated distillation, the contents of the retort become alkaline, as shown 
by the blue color of the solution. 
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Determination of Boric Add in Silicates, Enamel, etc. 

Fuse the finely powdered substance with 4 times as much sodium 
carbonate, extract the melt noth water and evaporate the aqueous 
solution containing the boric acid* to a small volume, make acid with 
acetic acid, and, without regard to any separation of silica, transfer 
the solution to the Gooch retort and analyze as above directed. 

Remark. This determination can be, performed in the presence of fluorine pro- 
vided that acetic and not nitric acid is used to set free the boric acid; but, for that 
matter, it is never advisable to use nitric acid and it is not permissible when chlorides 
are present. A convenient titration method will be described in Chapter XIV. 

Determination of Boric Acid in Mineral Waters 

If the water contains considerable boric acid (0.1 g or more of B 2 OJ 
in a liter), evaporate a w'cighed amount (from 200 to 300 ml) to a small 
volume,’ filter off the precipitated calcium and magnesium carbonates, 
concentrate the filtrate, make slightly acid with acetic acid, and analyze 
as described on p. 305. 

If the water contains only a little boric acid, as is usual, a large amount 
must be taken for the determination. Evaporate 10-15 1 in a large 
porcelain dish to about 1 1,* filter oif the deposited salts (these never 
contain any borate), wash thoroughly with hot water, and evaporate 
the filtrate and w’ashings on the water bath until a moist residue is 
obtained. If this residue docs not amount to more than 5 or 0 g redis- 
solvc it in w'Otcr, make acid with acetic acid, transfer to the Gooch retort, 
and distil aa described on p. 3GG. Usually a larger residue is obtained, 
which can be conveniently analyzed directly; in this case the boric acid 
is extracted from it. For this purpose make the residue acidic with a 
little hydrochloric acid, thoroughly stir with absolute alcohol, and by 
means of more of the latter transfer it to a flask, cork up, and allow' to 
stand 12 hours with frequent sltaking. The boric acid will then bo 
found in the alcoholic solution, niter off the rasiduo, w'ash with 9G 
per cent alcohol, dilute largely with water, add 1 g of sodium hydroxide, 
distil off the alcohol (see Remark on p. 3G8), and evaporate the liquid 
until a moist residue is obtained. Make this again acidic witli hydrochlo- 
ric acid and repeal the alxivc extraction with alcohol, and subsequent dis- 
tillation of the alcohol, after the addition of water and 1 g of sodium 
hydroxide. If the rc>iiluc now obtained is not too largo, ignite gently 

‘ Sometime^ tbc inv)luble rp«iduc rontains appreciable amounts of boric acid. 
In tlie incllio<I Ki\en in Chapter .\IV, this fact will be taken into consideration. 

* H the wslcr rr.acts alkaline, evaporate it at once; othcrwi«o add cnouRh podium 
rarlKinatc solution to make it alkaline. 
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to destroy the organic matter; after extracting with water, filter off the 
carbonaceous residue and make the filtrate acidic with hydrochloric acid. 
Then add sodium hydroxide till barely alkaline and just enough acetic 
acid to make the solution react acid again. Analyze the solution thus 
prepared as described on p. 385. 

Remark. Unless a large amount of water and the sodium hydroxide are added, 
some of the boric acid will be volatilised with the alcohol. It is always best to test 
the alcoholic distillate for boric acid as follows; extract a few pieces of turmeric 
root vrith alcohol; place 2-3 drops of the yellow solution in a porcelain dish; add the 
alcoholic solution to be tested for boric acid and a few drops of acetic acid. Dilute 
with water and evaporate to dryness on the water bath. According to F. Henz, 
iC as much as Q 001 mg o! boric add is present, a faint but distinct coloration will 
be evident, while the presence of 0.02 mg will cause a strong reddish brown color- 
ation, which on being treated with sodium hydraxide is turned to the characteristic 
blue-black color. 

If boric acid is found in the alcoholic distillate, it must be again treated with water 
^and sodium hydroxide, and the alcohol once more distilled off. 

MOLYBDIC Acid, HsMoOi’HaO. Mol. Wt. 179.98 

The determination of molybdenum present as molybdic add has 
already been considered on p. 113. 

Tartaric Acid, HjCiHiOc Mol. Wt. 160.09 

The composition of free tartaric acid as well as that of the tartrates 
is determined by an elementary analysis; see pp. 354 et seg. 

META- AND PYROPHOSPHORIC ACIDS 

These acids are changed to phosphoric acid and determined as de- 
scribed on p. 370. 

IODIC Acid, HIO,. Mol. Wt. 176.93 
Form: Silver Iodide, Agl 

For the determination of iodic acid as silver iodide, make the solu- 
tion of the alkali iodate acid with sulfuric acid, and add sulfurous acid 
until the solution, which at first becomes yellow on account of the sepa- 
ration of iodine, is again colorless. After this add an excess of silver 
nitrate and a considerable amount of nitric acid. Heat the solution 
to boiling, and determine the precipitated silver iodide as described 
on p. 297. 

It is not pennissible to change the iodate to iodide by ignition, for 
the decomposition takes place at a temperature above that at which the 
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iodide itself begins to volatilize. The transformation is, therefore, 
not quantitative. This is especially true of sodium iodate, which is 
changed to iodide only upon heating to a white heat. Potassium 
and silver iodates are much more readily decomposed, but even then 
some iodide is lost. Both iodic and periodic acids may be more 
accurately determined by a volumetric process (see Cliapter XV, 
“ lodimetry ”)• 

For the determination of the metal present in an iodate, first change 
it to tlie chloride by repeated evaporation with concentrated hydro- 
chloric acid: 

KlOa + 6HC1 = KCI + SHsO + 2Cl2 + ICI 
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PHOSPHORIC, ARSENIC, ARSENIOUS, THIOSULFURIC, CHROMIC, 
VANADIC, AND PERIODIC ACIDS 

Phosphoric Acid, HjPOi. Mol. Wt. 98.00 

Forms: Magnesium Pyrophosphate, MgsP^O?; Ammonium Phospho- 
molybdate, (NH4)3P04*12Mo03; Phosphomolybdic 
Anhydride, PjOs-ZiMoOa 

1. Determination as Magnesium Pyrophosphate, according 
to B. Schmitz 

Formerly it was the usual practice to precipitate phosphoric acid in the cold 
with magnesia mixture " and ammonia, but according to the experiments of 
Neubaueri and of Gooch* it is evident that it is very difficult to obtain a pure pre- 
cipitate of magnesium ammonium phosphate in this way; sometimes it is contam- 
inated with Mg}(PO0s and sometimes with MgfNHOCPOi)}. If, however, the 
precipitation takes place in a hot solution, a very pure, coarsely crystalline precipitate 
of Mg(NH4)P04-6HiO is obtained.* 

Procedure, To 50 ml of a neutral solution containing 0.1-0.5 g of 
PaOs add a few drops of dilute hydrochloric acid, an excess of “ mag- 
nesia rtuxture,”^ 5 g of ammonium acetate, and a little phenolphthalein 
solution. Heat nearly to boiling; run in from a buret 1.5 N ammonia, 
while constantly stirring, until a turbidity forms. Stir till the pre- 
cipitate is crystalline and then continue adding the ammonia until a 
red coloration is obtained from the indicator. Allow the solution to 
cool completely, add one-fifth of its volume of concentrated ammonia, 
and let stand at least 4 hours. Wash the precipitate 3 times by decan- 
tation with 1.5 W ammonia, then transfer to a filter, and wash free 
from chloride. Finally moisten the precipitate Avith a saturated solution 

* H. Neubauer, Z. angew. Chen., 1896, 439. 

* F. A. Gooch, Z. anorg. Chem., 20, 135. 

* B. Schmitz, Z. anaJ. Chem , 65, 46 (1924); K. K. JSrvinen, Z, anal. Chem., 43, 
279 (1904), 44, 333 (1905); G Jdrgensen, Z. anal. Chem., 46, 278 (1906). 

* The “ magnesia tnivture ” is prepared, according to Schmitz, by dissolving 55 g 
of magnesium chloride, MgCI, 6HiO, and 105 g of ammonium chloride in water, 
adding a little hydrochloric acid, and diluting to a volume of 1 1. For 0.1 g of PiOj, 
use 6 ml of this solution. 
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of ammonium nitrate in \.5N ammonia, dry, ignite, and weigh as 
described on p. 258. It is best to use a filtering crucible and an electric 
oven. 

If the weight of the precipitate is p, then the corresponding weights 
of HjPOi and P 2 O 5 are 

= weight H,PO, and J’ - weight P^O. 

Mg2P207 MgjPjOr 

The above method for the precipitation of phosphoric acid is not 
applicable when the substance contains alkaline earths or heavy metals. 
Under these conditions the phosphoric acid should be precipitated first 
as ammonium phosphomolybdate and the phosphoric acid in this precipi- 
tate determined by one of the following methods. 

2. Detennination of Phosphoric Acid as Magnesium Pyrophosphate 
after Previous Precipitation as Ammonium Phosphomolybdate 

This method, first proposed by Sonnenschein, has c^erlenccd, in the course of 
time, a great many modifications.* It is always applicable when the phosphoric acid 
is present os orthophosphate. t 

'ntanium, zirconium, quinquevatent vanadium, and quinquevolent arsenic inter* 
fere, all precipitating with the phosphorus. Titanium and quinquevalcnt vanadium 
also prevent complete precipitation. Cmn and Tucker* have shown that the inter* 
fcrence of vanadium can be prevented by reducing it to the quadrivalent condition 
and precipitating at 20®, and by precipitating at this low temperature the interference 
of arsenic is overcome. 

Principle. If a solution containing phosphoric acid in the presence of ammonium 
nitrate and sufficient nitric acid is treated with an excess of ammonium molybdate 
and heated to 60-70®, all the phosphoric acid is precipitated as yellow ammonium 
phosphomolybdate. When dried at room temperature over CaCIf2H*0, the 
precipitate corresponds to the formula — (NH«)»POi 12MoOj-3H*0 if it has been 
thoroughly washed with water or with potassium nitrate Bolution* and to (NH«)»P 04 * 
12MoO»-HNOr2HjO if washed with Alute nitric acid. It always contains, when 
sufficient molybdic acid is present, 24 moles of MoO* to 1 mole of PtO*. 

In the analysis of minerals, appreciable quantities of phosphoric acid are likely 
to be found in the dehydrated silica especially when titanium, zirconium, thorium 
or tin is present. Some of this phosphorus will he lost and counted as SiO: if, in 
testing the purity of the silica, considerable sulfuric acid is used with the hydrofluoric 
acid and tlie acid is subsequently volatilized at a high temperature. In fusions with 
alkali pyrosulfatc, some phosphoric acid b volatilized 


‘ Cf Woy, Chem. Zlg., 21, 442; Ilundcshagen, Z. onaf. Chem., 28, 164; Eggertz, 
/.proAhCAem., 79, 406; v Juptner, Oesterr.Z. Berg^U^lenw , 1894, 4711; McCand- 
less and Burton, Ind. Eng Chem., IG, 1207 (1024); McNabb, J. Am. Chem Soc BO 
300 (192S). ■’ ' 

* J. Ind Eng. Chem., 6 , 0-17 (1913). 

* M. Ishibashi, Mem. Coll. Set., A, 12. 135 (1929). 
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Personally, the writer prefers the third fonnuia, but some of his colleagues like 
the first one, and experience has shown that confusion \\ ill result if the stockroom 
uses more than one formula. In carrying out this analysis, the student should find 
out which formula comes nearest to that used in the laboratory in which he is 
working. 

Acid Ammonium Molybdate Solution. Mix 100 g of pure M 0 O 3 , or 118 g (NHi)j- 
MoK)j« 4IIjO (85 per cent MoOi), with 400 ml of water, and dissolve it in 80 ml of 
strong NII 4 OII {d 0 90 or about 15 N) with stirring, Fdtcr if necessary, cool and 
pour very slowly, while stirring, into 715 ml of 0 HNOj Add 1 or 2 drops of 
10 per cent NIIdIP 04 solution and allow to stand at lc.ast 12 hours- Decant off the 
dear liquid or filter through an asbestos pad as required for use. 

Ammonium Molybdate (A.S.T.M. Formula). Take 65 g of pure (NHOeMojOH* 
dlljO, 225 g of NHiNOj, 15 ml of concentrated NHiOII, and COO ml of water. Stir 
and heat gently. ^Vhen the crystals have dissolved, filter (without washing) and 
dilute to 1 1. 

Ammonium Molybdate (Johnson's Formula). Digest 55 g of (NH4 )jMo} 024 4H20 
and 50 g of NII4NO1 w ith 18 ml of 15 N NII4OH and 20 ml of water. Stir, dilute to 
about 700 ml with water, and heat for 30 minutes with occasional stirring until all 
salts have dissolved. Dilute to 1 1, let stand over night, filter, but do not wash 
the residue. 

Procedure. To 50 ml of {solution containing 0,1 g of P 2 O 5 or less, care- 
fully add 0 N ammonium hydroxide until the solution is neutral to lit- 
mus.* Add a few drops of 0 Af nitric acid, heat the solution to about 65®, 
and add 75 ml of ammonium molybdate reagent. Keep the solution 
at this temperature for half an hour, filter, and wash once by decanta- 
tion with an acid solution of ammonium nitrate® and at least G times 
on the filter. ■\\'hcn (ho washing is complete place the flask containing 
the l)ulk of the precipitate under the funnel and allow’ 0 N ammonium 
hydroxide solution to drop upon the upper edge of the filter from a 
buret, until cnougli has been .added to di.'^olvc all the precipitate on 
the filter p.apcr and that in the flask. Rotate the contents of the flask 
from time to time and avoid using an unncccs.'sarj’ excess of ammonia. 
Wru^h tlie filter p.apcr tlioroughly witli hot water. The volume should 
not exceed 100 ml .at this iwint. Drop a piece of sensitive litmus paper 
into tlic solution and adtl 0 iV hydrochloric acid, with constant rotation 
of the na>k, until the litmu.s p.apcr changes to a violet veiling on the 
blue rather tlian tlie red. Pay no attention to precipitation of yellow 
ammonium pho‘«phomolylKlatc at this point. Add 10 ml of magnesia 

• Tlic^ directions nssumc that the acid solution of ammonium molylxlate (Tor- 
muln 1 ) ii iiw! n.« reagent. Ifcithcroftheotliertnopolulions i<i iwl, omit the neutral- 
iwtion with fttnmoma nnd, in'tr.'ul of adding a few drops of mine acid, make fiurc 
th.-Jl the equiv.alcnt of f, 10 g of HXOj (IG to 27 ml of 0 A' II.XOj) is present t<>- 
gctlwr with at Icaot 0 g 4if NII«XOi. 

* Mk 100 ml <jf 0 A’ .nmmommn lo-droxtdc with 325 ml of C A' nitric acid and 
dilute nith 100 ml of water. 
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mixture' and heat almost to the boiling point. Add 2-3 drops of phenol- 
phthalein indicator, and neutralize with 1.6 iV ammonium hydroxide 
until the solution is colored pink by the indicator. Cool, add one-fifth 
of the solution’s volume of concentrated ammonium hydroxide, and allow 
to stand for at least 4 hours. Filter, wash, ignite and weigh as directed 
on p. 258. 

3. Direct Determination of Phosphoric Acid as Ammonium 
Phosphomolybdate (Finkener)^ 

The precipitate produced as described under 1 is heated until it becomes changed 
to (NH4)3P04•12^Io03. Theoretically this contains 3.784 per cent of PjO*, but 
better results are obtained if it is assumed to contain 3.753 per cent of PjOs * 

Baxter^ recommends heating the precipitate to about 300® as does Ishibashi.® 
The precipitate then contains 3 784 per cent PjOi and corresponds to the formula 
(NH4)aP04T2MoO3. Baxter prepared the molybdate reagent as follows: Dissolve 
150 g of commercial ammonium molybdate in 1 1 of water and pour into an equal 
volume of 6 N nitric acid. Use 60 ml for 0.1 g of PjOs- Ishibasbi used a 3.6 per 
cent solution of (NH4)«MojOi4‘4HiO in pure water. To a neutral solution of 
6-70 mg of PjOj he added twice the theoretical requirement of molybdate solution, 
20 ml of 6 N ammonium nitrate solution, and 20 ml of 5 nitric acid, making a 
total volume of about 100 ml. He heated with stirring at 60® for 5 minutes, allowed 
to stand 3 hours, filtered into a filtering crucible, washed with 2 per cent nitric acid, 
heated slowly to 250®, and kept at 250-300® for 30 minutes. 

Procedure. Precipitate the phosphoric acid wth ammonium molyb- 
date as directed on p. 373; filter the precipitate into a Gooch crucible, 
wash with ammonium nitrate solution until very little brown coloration 
is produced in the filtrate upon adding K4[Fe(CN)6], and dry in a cur- 
rent of air at 160^ until a constant weight is obtained. If the pre- 
cipitate should become slightly greenish, add a small crystal of 
ammonium nitrate and one of ammonium carbonate and again heat 
the contents of the crucible, whereupon the precipitate will at once 
assume a homogeneous yellow color. 

Remark. The results of Hundeshagen and Steffan show that this method ©ves 
very exact results. Steffan worked precisely according to the directions of Finkener, 
precipitating the phosphoric acid in the cold with a 33^ per cent solution of ammo- 
nium molybdate and filtering after standing 24 hours. It is, however, not necessary, 
as Hundeshagen has shown, to work with such a concentrated solution of ammonium 
molybdate; the precipitation from a hot solution with a 3 per cent molybdate solu- 
tion yields just os accurate results and the solution does not have to stand so long 

^ See p. 370. 

»Ber., 11 (1878), 1640. 

• Hundeshagen, loc. cit. 

*Am. Chem. J., 28, 298 (1902). 

‘ Mem. CoU. Sci., A, 12, 135 (1929). 
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before filtering. Even when iron is present this method gives good results, so that 
It is to be recommended for the deternaination of phosphorus in iron and steel. 

4. Determination of Phosphoric Acid as Phosphomolybdic 
Anhydride (Woy) 

Gently ignite the precipitate, produced in the same way as before, 
until a greenish black residue remains of the composition 24Mo03*P205, 
with 3.94 per cent of PsOj. Perform the ignition as follows: Upon the 
bottom of a nickel crucible place a disk of ignited asbestos about 2 mm 
thick, or the porcelain plate of a Gooch crucible may be used. Upon 
this place the Gooch crucible containing the precipitate, cover with a 
watch glass, and heat at first gently and finally until the bottom of the 
nickel crucible is at a dull red heat. When the precipitate has become 
of a homogeneous, bluish black color, allow to cool in a desiccator and 
weigh. 

This method is rapid and gives good results in the presence of iron 
and aluminum. 

Determination of Phosphorus in Iron, Steel, and Bronze^ 

Phosphorus is present in nil kinds of iron and steel as well as in the various alloys 
used in steehmaking. In general, it is detrimental, and the permissible quantities 
are usually defined rigidly in specifications of material. Phosphorus is sometimes 
added intentionally In the manufacture of sheet steel to prevent the sheets from stick- 
ing together during the rolling process. 

The phosphorus content of most steels lies between 0 01 and 0 1 per cent; ingot 
iron contains less than 0 01 per cent, and wrought iron usually between 0 1 and 0.2 
per cent In most steels it exists as a solid solution of iron phosphide, FejP, in iron; 
but m many samples of cast iron, free iron phosphide is found. In wrought iron and 
in some low-carbon Bessemer steels it is possible that a little phosphate may exist. 

The presence of too much phosphorus in steel causes brittleness; the metal is 
likely to break when subjected to sudden stress. 

All methods for determining phosphorus in iron and steel arc based upon the 
preliminary oxidation of the phosphorus to phosphoric acid. Practically all phos- 
phates except those of the alkali metals are insoluble in w ater, but the phosphoric 
acid obtained in the chemical examination of iron and steel is usually precipitated 
first as ammonium phosphomolybdate or as ferric phosphate. 

The gravimetric methods are based upon the separation of the phosphoric acid 
from at least the greater part of the iron by precipitation either as ammonium phos- 
phomolybdatc or as ferric phosphate; in the latter case the greater part of the 
iron is reduced to the ferrous condition after the complete oxidation of the phosphorus 
and enough is left m the ferric condition so that in canying out a basic acetate sepa- 
ration all the phosphorus is precipitated as ferric phosphate and the excess fenic ' 
iron as basic ferric acetate. From his study of qualitative analysis, the student is 
already famil i-ar with this method of separating phosphate from bivalent cations. 

* G. E. F. Lundoll, Ind. Eng. Chem.^ 16, 171 (1023). 
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The basic ferric acetate precipitate can be dissolved in dilute hydrochloric acid, and 
the precipitation of ferric hydroxide or of ferric phosphate by neutralization with 
ammonia can be prevented by adding conriderable citric or tartaric acid. Then on 
adding magnesia mixture " to the ammoniacal solution (cf. p. 370) a precipitation 
of magnesium ammonium phosphate can be obtained. This method of analysis has 
been recommended but today is seldom used because it is tedious and yields no 
better results than other, more convenient procedures. 

To separate a small quantity of phosphoric acid from a large quantity of iron, it is 
customary to precipitate the former as ammonium phosphomolybdate by adding 
ammonium molybdate reagent to the nitric acid solution. The yellow precipitate 
is least soluble in dilute acids containing considerable dissolved salt. The dry pre- 
cipitate weighs about 61 times as much as the phosphorus it contains, as is evident 
from its formula, which is usually written {NH4)iPO«’12MoOi. The yellow 
ammonium phosphomolybdate can be converted into magnesium ammonium 
phosphate. Even today this method of analysis is applied to the determination of 
phosphorus in steel in “ umpire analyses ” to settle disputes among chemists. 
Many years of experience have shown that the so-called “ rapid methods ” are just 
as accurate as the longer methods when properly carried out, but they are sensitive 
to slight changes in the conditions such as the temperature, time allowed for the 
completion of the reaction, concentration, and acidity. Rapid methods are some- 
times based on the weight or volume of the ammonium molybdate precipitate. 
Thus the precipitate is sometimes weighed after drying a definite time at a deBnite 
temperature and at other times its volume is read after centnfuging in a graduated 
tube. In Chapters XIV and XV, more convenient, accurate titrimetric methods 
will be described. 

Procedure for Cast Iron. Dissolve 1-3 g of sample in a covered 
casserole in 30 ml of 7.5 N nitric acid. When all the iron is in solu- 
tion, add 10 ml of 6 iV hydrochloric acid, evaporate to dryness, and 
bake on the hot plate for 15 minutes. Cool, drench the residue with 
concentrated hydrochloric acid, dilute to 50 ml, and heat until all the 
salts are in solution. Filter without delay, wash the residue with 0.6 N 
hydrochloric acid, and evaporate the filtrate to sinipy consistency. 
Meanwhile ignite the above residue in a platinum crucible, cool, and 
heat with 10 drops of concentrated hydrochloric acid and 2 ml of hydro- 
fluoric acid. Evaporate just to drynr^, add 5 nil of concentrated 
hydrochloric acid, and add to the main solution that is being evaporated. 

When the solution is of sirupy consistency, transfer to a 300-inl 
Erlenraeyer flask by alternate rinsing with 7.5 N nitric acid and hot 
water, using not more than 30 ml of the acid and 70 ml of the water. 
Heat to boiling and digest for 10 minutes. 

Precipitation. To the boiling solution, add 100 ml of acid ammonium 
molybdate solution (cf. p. 373), shake 10 minutes, and allow to stand at 
least 4 hours. If an appreciable amount of vanadium is present, carry 
out the precipitation at 20® in a solution which has just been treated with 
2-3 ml of 10 per cent ferrous sulfate solution and a few drops of sulfurous 
acid to reduce quinquevalent vanadium. Decant off the solution 
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through a filter, keeping as much of the precipitate as possible back in 
tlic flask, and u-ash with not more than 50 ml of cold 1 per cent nitric 
acid. Dissolve the precipitate in 24 ml of 6 ammonium hydroxide 
to which 2 g of citric acid has been added. Pour the solvent through 
the filter that contained some of the phosphomolybdate and catch the 
solution in the flask containing the bulk of the precipitate. Finally 
wash the filter several times with 0.6 iV hydrochloric acid. If the 
ammoniacal filtrate is not clear, heat it to boiling, filter through the 
same filter, and wash with hot water. In this case, and whenever appre- 
ciable quantities of elements like titanium, zirconium, and tin arc present, 
prescr\’e this filter paper and treat it together with the filter referred to 
in the following directions. 

Make the ammoniacal solution acid with hydrochloric acid, add 20 ml 
of magnesia mLxturc, and precipitate magnesium ammonium phosphate 
as described on p. 373. Allow the precipitate to stand 4 hours. Filter, 
keeping the precipitate back in the flask as much as possible. Dissolve 
tlio precipitate on the filter with 28 m! of 6 hydrochloric acid, catch- 
ing the solution in the flask containing the bulk of the precipitate. 
■Wash the filter thoroughly with O.C N hydrochloric acid. If titanium, 
zirconium, or tin is present, ignite this filter, and the one previously set 
aside, in a platinum crucible, fuse with a little sodium carWatc extract 
with water, and add the aqueous extract to the hydrochloric acid solu- 
tion of the first magnesium ammonium phosphate precipitate. 

Transfer the solution to a 200-ml beaker. If considerable arsenic 
is present precipitate with hydrogen sulfide, washing the arsenic sulfide 
precipitate w’ith dilute hydrochloric acid saturated with hydrogen sul- 
fide. Boil oflf the excess of hydrogen sulfide and reduce to 50-75 ml. If 
only a little arsenic is present, add 0.6-*l g of ammonium bromide and 
evaporate the solution to a volume of 5-10 ml ; the arsenic w’ill volatilize 
as arsenic trichloride. 

To the solution free from arsenic, and at a volume of 50-75 ml, add 
0.1-0.2 g of citric acid and 2-3 ml of magnesia mixture, and again pre- 
cipitate magnesium ammonium phosphate. 

Ignite and weigh the magnesium pyrophospliatc as described on 
p. 2o8, 

Plain Carbon Steel. Dissolve 1-3 g in 50 ml of G nitric acid. 
Wlien all the steel has dissolved, boil and slowly add a saturated solu- 
tion of potasMum penn.nnganatc until o.xidcs of manganese are pre- 
cipitated. Clear the solution by cautious addition of 10 per cent 
ferrous siiUato solution, Iwil gently for 10 minutes, and treat at 70* with 
GO ml of ammonium molybd.ato solution prepared according to Method 2 
or 3 on p. 373 and continue as described there. 
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Alloy Steels. Treat chromium steels in the same way, but if any 
residue is obtained on dissolving in nitric acid, continue heating until 
it dissolves, adding sulfuric acid if necessary. Treat a high-siZfcon 
steel like cast iron. If iitanivm or zirconium is present to any extent, 
a phosphate may precipitate during the boiling prescribed for plain 
carbon steels. Filter off the precipitate, fuse the residue with sodium 
carbonate, and add the aqueous extract of the melt to the main solution. 
Tungsten steel does not dissolve in nitric acid. Dissolve 1-3 g in a 
mixture of 20 ml concentrated nitric acid and 60 ml of concentrated 
hydrochloric acid in a covered casserole. Heat gently and evaporate 
to dryness. Remove the cover glass and bake till all the acid is expelled. 
Cool, and add 30 ml of concentrated hydrochloric acid. Heat until all 
the iron dissolves, dilute to 100 ml, filter, and wash the residue of 
tungstic acid vdth N hydrochloric acid. Evaporate the filtrate to a 
sirup and meanwhile dissolve the tungstic acid in hot 2 N ammonium 
hydroxide, finally washing the paper with dilute hydrochloric acid. 
Make the ammoniacal solution fmntly acid; add 1 g of alum and then 
add ammonium hydroxide in slight excess. Filter off the aluminum 
hydroxide and phosphate; dissolve in hot hydrochloric acid and add the 
solution to the main solution which is being evaporated. Dilute the 
sirup as described for the analysis of cast iron. 

Bronze. See p. 102. 

The Lead Molybdate Method 

Ibbotson^ prefers to base the phosphorus determination upon the weight of 
PbMo 04 that can be obtained from the (NH^jPO* 12MoOj precipitate. The 
PbMoO, weighs 142 times as much as the phosphorus originally present. For 
determining small quantities of phosphorus this is one of the quickest and most 
accurate methods. 

Filter the ammonium phosphomolybdate precipitate (see p. 373) and 
wash it on a 9-cm ashless filter paper with cold 1 per cent nitric acid 
(1 ml concentrated acid and 100 ml water) at least 10 times. Dissolve 
the precipitate by pouring 4 ml of concentrated NH4OH on the filter. 
Catch the solution in the flask used for the precipitation, wash the paper 
once with hot water, and again pour this solution through the filter, 
this time catching it in a 150-ml beaker. Wash the paper at least 6 
times with a stream of hot water directed against the upper edge of the 
paper and then place the solution on a hot plate. Place beside it a 
250-ml beaker containing a filtered solution of 10 g NH4CI and 12.5 g 
of ammonium acetate in 50 ml of water. When both solutions are at 

^ Chemical Arudysis of Steel TTorks’ Moltrials. 
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the boiling point, add, to the ammoniacal solution of the yellow pre- 
cipitate, 10 ml of concentrated hydrochloric acid and 10 ml of 4 per 
cent lead acetate solution. At once pour this mixture into the hot solu- 
tion of ammonium chloride and acetate, and wash out the beaker wth 
hot water. Allow the precipitate to settle for a few minutes and then 
filter through a weighed Gooch crucible. Wash thoroughly udth hot 
water until free from chloride, dry in the hot closet at 105®, and weigh. 
If preferred, finish the washing wdth alcohol and ether (cf. p. 258). 

In this method of analysis, 12 PbMo 04 arc obtained for each P present. 
The weight of phosphorus, therefore, is found by the formula: 

P 31.02 

^ 12Pb ~ Mod : “ ^ 4455 = PP*-- ^ 


Determination of Phosphoric Acid in Silicates 

In the analysis of silicates (see p. 414) the phosphoric acid is found in 
the precipitate produced by ammonia in tljo filtrate from the silica 
together with iron and aluminum hydroxides. It is analyzed according 
to p. 171, 

Determination of Phosphoric Acid in Mineral Waters 

To 5-6 1 of the water add a little hydrochloric acid and evaporate 
to dryness; moisten the residue with concentrated hydrochloric acid, 
take up with water, and filter off the silicic acid. To the filtrate add 
a slight excess of ammonia ; the phosphoric acid is usually completely 
thrown doAVn in the form of phosphate of iron, aluminum, or alkaline 
earth. Dissolve the filtered and washed precipitate in nitric acid, and 
determine the phosphoric acid according to one of the molybdate 
methods (pp. 373-379). 

Remark. If the mineral water does not contain much iron, aluminum, or alka- 
line-earth metal, but is rich in phosphoric acid and the alkalies, the precipitate 
produced by ammonia v.'ill not contmn all the phosphoric acid In such a case 
evaporate the hydrochloric acid solution from the silica several times to dryness 
with nitric acid, dissolve the residue in as little nitric acid as possible, and determine 
the phosphoric acid by one of the molybdate methods. 

Determination of Phosphorus in Organic Substances 

The substance is decomposed by the method of Carius. By the 
action of the nitric acid in the closed tube the phosphorus is oadized 
to phosphoric acid and this is determined as usual. 
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Separation of Phosphoric Acid from the Metals 

1. Separation from the Metals of Groups I and II 

Hydrogen sulfide is conducted into the hydrochloric acid solution/ 
by which means all the members of these groups are precipitated as 
sulfides while the phosphoric acid remains in solution. 

2. Separation from the Metals of Group m 

(а) The phosphoric acid is first precipitated as ammonium phospho- 
molybdate according to p. 373. In order to determine the metals, 
evaporate the solution containing molybdenum, but free from phos- 
phoric acid, with sulfuric acid to a sirupy consistency, and carefully 
heat over a free flame until the nitric acid is expelled. After cooling, 
moisten the residue with hydrochloric acid and take up in water. Place 
the solution in a pressure flask, saturate with hydrogen sulfide, stopper 
the flask, and heat for some time on the water bath; the molybdenum 
is precipitated as flocculcnt MoS$. After cooling, slowly open the 
pressure flask and filter off the molybdenum sulfide. Analyze the 
filtrate, now free from phosphoric acid and molybdenum, for the metals 
as described on pp. 148-220. 

(б) Separate the phosphoric acid as before, make the filtrate slightly 
ammoniacal, and saturate with hydrogen sulfide. After standing for 
some time the solution becomes reddish yellow in color, and the pre- 
cipitate can then be filtered off. The metals of this group will be found 
in the precipitate while the molybdenum is in the filtrate in the form of 
its sulfo salt. 

Remark. If Jiickel is present, some of it wiU remain in the filtrate mth the 
molybdenum on account of the solubility of nickel sulfide in ammonium sulfide, so 
that method (o) will then give more accurate results. Vanadium (and tungsten) 
will also go with the molybdenum. 

3. Separation of Phosphoric Acid from Iron, Cobalt, 
Manganese, and Zinc 

If the solution contmns iron in the ferric form, acidify with hydro- 
chloric acid, saturate with hydrogen sulfide, and for each gram of the 
mixed oxides add 3 g of tartaric acid; make the solution slightly am- 
moniacal and allow to stand over night in a stoppered flask. The 
precipitate contains the metals as sulfide free from phosphoric acid. 

* When silver is present it is precipitated as silver chloride, filtered off, and the 
filtrate treated with hydrogen sulfide. 
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Filter, wash with water containing anrnionium sulfide, dissolve in acid, 
and analyze according to pp. 148-220. 

4. Separation from Chromic Acid 

If the solution contains free alkali or alkali carbonate, make acid 
nith nitric acid, then slightly alkaline with ammonia, and precipitate 
the phosphoric acid with “ magnesia mixture ’* as described on p. 370. 

5. Separation from Calcium, Strontium, Barium, Magnesium, 
and the Alkalies 

Add ammonium carbonate to the hydrochloric acid solution until a 
slight permanent turbidity* is produced, and dissolve this with a few 
drops of h 3 ’drochloric acid. Then add ferric chloride drop b}’ drop 
until the liquid above the yellowish white precipitate of ferric phos- 
phate becomes distinctly brown in color. Dilute the solution with 
water to a volume of 300-400 ml, boil for 1 minute, filter, and wash 
witli water containing ammonium acetate. In the filtrate are the 
alkaline earths and alkalies, which, after expelling the ammonium salts 
by igniting the residue obtained after evaporating to dr^mess, are detei> 
mined in tlio iLsual way (see pp. 244-280). 

Determination of Phosphoric Anhydride in Apatite 

Weigh out duplicate portions of the finely powdered mineral of 0.2- 
0.25 g, taking care to get the ncar^t tenth of a milligram as accurately 
ns po&sibic. Heat in a covered 200-ml casserole with 15 ml of G iV 
nitnc acid. Evaporate to drjmcss on the steam bath or hot plate, 
taking care to avoid spattering. Heat the residue for at least 15 min- 
utes at 110-120*’ to dclij’dratc silica. Digest the residue with 25 ml 
of C iV nitric acid, and heat a few minutes to dissolve the soluble mate- 
rial. Filter and wa.sh willi small portiom? of hot water, receiving the fil- 
trate nnd washings in a 30O-ml Erlcnme3’crfl3.sk. Continue to wash until 
5 ml of the filtrate >rill give no precipitate of calcium phosphate when 
neutralized witli ammonia. If a precipitate is obtained, pour the test 
back into the filtrate. The volume of the solution should not exceed 
100 ml At this point. 

To the filtrate, carcfull 3 ' add GAT ammonium hydroxide solution until 
a slight permanent precipitate is pro<Iucc<l of calcium phosphate. Dis- 
solve this by adding a few <lroi>s of C X nitric acid. Heat the solution 

* If only nIkaliM arc pro<ont (hrre wfll be no turbidity; add the ammaniuia 
carlKinatc until tlio solution ia neutral. 
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to about 65®, and add 75 ml of ammonium molybdate reagent.^ Keep 
the solution at this temperature for half an hour, filter, and wash once 
by decantation with an acid solution of ammonium nitrate^ and at 
least 6 times on the filter. When the wasMng is complete place the 
flask containing the bulk of the precipitate under the funnel and allow 
6 N ammonium hydroxide solution to drop upon the upper edge of the 
filter from a buret, imtil enough has been added to dssolve all the 
precipitate on the filter paper and that in the flask. Rotate the con- 
tents of the flask from time to time and avoid using an unnecessary 
excess of ammonia. Wash the filter paper thoroughly with hot water. 
The volume should not exceed 200 ml at this point. Drop a piece 
of sensitive litmus paper into the solution and add 6 N hydrochloric 
acid, with constant rotation of the flask, until the litmus paper in the 
solution turns pink. Add 10 ml of magnesia mixture and heat almost 
to the boiling point. Add 2-3 drops of phenolphthalein indicator, and 
neutralize with 1.5 N ammonium hydroxide until the solution is colored 
pink by the indicator. Cool, add one-fifth of the solution’s volume of 
concentrated ammonium hydroxide, and allow to stand for at least 4 
hours. Continue the analysis by any one of the methods described on 
p. 258 for treatment of the MgNH4P0«'6H20 precipitate in the deter- 
mination of magnesium. 

THIOSULFURIC Acid, HjSaOj. Mol. Wt. 114.14 
Form; Barium Sulfate, BaSO^ 

Treat the aqueous solution of the alkali thiosulfate with an amino- 
niacal solution of hydrogen peroxide, or with ammoniacal percarbonate 
solution, heat for some time on the water bath, and then boil to destroy 
the excess reagent. Make the solution acid with hydrochloric acid, 
and precipitate the sulfuric acid formed by the above treatment as 
barium sulfate. Two moles of BaSOi correspond to 1 mole of HjSzOj. 

A much better procedure for the estimation of thiosulfuric acid will 
be discussed under " lodiraetry,” Chapter XV. 

The remaining acids of this group, arsenious, arsenic, vanadic, and 
chromic, have been discussed imder the respective metals; periodic acid 
is analyzed in precisely the same way as iodic acid. 

* See p. 373 for the composition of the reagent. If the slightly ammoniacal reagent 
is preferred, omit the neutralisation with NHaOH. 

* Mix 100 ml of 6 ammomura hydroxide with 325 ml of 6 iV nitric acid and dilute 
with 100 mi of water. 



CHAPTER X 
GROUP V OF AHIONS 
NITRIC, CHLORIC, AND PERCHLORIC ACIDS 
Nitric Acid, HKO 3. MoL Wt. 63.02 

Forms: Nitron Nitrate, C2oHi6N4-HNOs; Nitrogen Pentoxide, NzOj; 
Ammonia, NHs; Nitric Oxide, NO, and Volumetrically 

1. Determination of Nitric Acid as Nitron Nitrate' 

Tlie base diphenylendoani/ohydrofriazolc, C»HiiNi 


Pb-N N 



Ph 


called nitron for short, forms a fairly insoluble, ciystalline nitrate, CjoHkN^-HNOi, 
which can be used for the separation and quantitative estimation of this acid. To 
prepare the reagent nitron acetate, dissolve 10 g of nitron in 100 ml of 6 per cent 
acetic acid. It keeps fairly well in a dark bottle. 

Procedure. Take a sample equivalent to not more than 0.1 g of 
nitric acid, and dissolve in 80-100 ml of water containing 1 ml of glacial 
acetic acid. Heat the solution nearly to boiling and add at one time 
10-12 ml of nitron acetate solution. Allow the precipitate to stand 
24 hours in a dark place, then filter into a Gooch or Munroe crucible 
and drain as completely as possible from the pale yellow mother liquor. 
"Wash with 50 ml of icc water saturated ndth nitron nitrate, added in 
small portions, and drain the precipitate well after each wasldng. Dry 
at 1 10® for 2 hours. The precipitate contains 10.79 per cent of HNO3. 

Remarks. The method gives good results in the presence of sulfate and iodate 
10 ns. If large quantities of chloride arc present a correction should be applied, 
as determined by an anab-sis with pure nitric acid and the same weight of cldoridc. 

In 100 ml of very dilute acid, approximately the follonang weights of nitron solta 
dissolve: 00099 g of nitrate, OOOS g of perchlorate, 0 017 g of iodide, 0(11 g of 
tiuocj-anatc, O.OG g of chromate, 0.12 gof chlorate, 0.19 g of nitrite, O.Gl g of bromide. 

‘ M. Duseb, Bcr., 38, 8G1 (1905); A. Gutbicr, Z. angew. Chem., 1905, 491 
3S3 
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The results of the nitric acid detenmnation are a little high rather than low, 
owing to occlusion of a little precipitant. 

Besides the acids represented by the above difficultly soluble salts, ferro* and 
ferricyamc, picric, and oxalic acids interfere with the detenmnation. Hydrobronuc 
acid can be decomposed by adding chlorine water, drop by drop, to the boiling solU' 
tion until the yellow color of bromine disappears, hydrit^ic acid by adding an ex- 
cess of potassium iodate to the neutral solution and boiling off the iodine. Nitrous 
acid can be removed by dropping ponxiered hydrazine sulfate into the concentrated 
solution and chromic acid by reduction trith hydrazine sulfate. 

2. Detennination of Nitric Acid as Nitrogen Pentoxide^ 

This method is based upon the fact that, when an intimate mixture 
of a dry nitrate is heated with an e.\ccss of silica, mtrogen pentoxide 
is evolved and the amount is determined by the loss in weight: 

2NaN03 + SiOz = NasSiOa + NjOs 

This method cannot be used when any other volatile substance is 
present, which is usually the case. 

3. Determination of Nitric Acid as Ammonia^ 

The usual method for the determination of nitric acid is to reduce 
it in alkaline solution to ammonia by means of aluminum, rinc, or, 
best, Devarda’s alloy (cf. Vol. 1); 

NOr + 4Zn + 70H" -*42002“ + NHs T + 2HsO 

After the reduction, the solution is distilled into a known quantity 
of acid and the excess of the acid found by titration, or the ammonia 
can be determined as aimnonium chloroplatlnate or as platinum (cf. 
pp. 287-288, h and c). 

Procedure. Place about 0.5 g of the nitrate in a 500-mI Erlenmeyer 
flask (Fig. 64) and dissolve in 1 10 ml of water. To this solution add 
6 ml of alcohol, 60 ml of caustic potash (d 1,3), and 2-2.5 g of powdered 
Devarda’s alloy. Or, instead of Devarda’s alloy, use 5 g of well-washed 
zinc and 2 g of ferrous sulfate. For the cax^tic potash solution, 80 ml 
of saturated sodium hydroxide solution can be substituted. At once 
connect the flask with the distillation apparatus shown in the figure. 
The left arm of the 250-mI P4Iigot tube, A, is connected by a cun'ed tube 
with the middle bulb, so that a spurting back of the liquid is avoided. 
The delivery tube (of potash glass) connecting the flask K with the 
tube A is about 1 cm in diameter and is provided with a small opening 

* Reicb, Z. Chem., 1. 86 {1862). 

* Devarda, 2. anal. Chem., 33, 113 (ISWljPaimertr, Z. anal Chem., 39, 318 (1900). 



DETERMINATION OP NITRIC ACID AS AMMONIA 


385 


at 0 , inside the flask, to prevent spurting of condensed liquid over into 
A. Place exactly 20.00 ml of 0.5 N sulfuric acid in A and dilute so that 
tlie solution just reaches to each of the bulbs on the side. Place exactly 
5.00 ml of the acid in B, wth a few drops of methyl orange indicator 
solution, and dilute in the same way. Connect the tubes A and B by 
means of a T-tube, of which the upper end is closed by a pinchcock upon 
a piece of rubber tubing, so that ft piece of red litmus paper may be intro- 
duced here if it is desired to see whether NHa is escaping. 

■\^Tien all is ready, gently heat the contents of the flask K to start 
the reaction, then remove the flame and allow the reaction to proceed 



A 

Fio. C4. 


by itself. After an hour this will be shown to be complete by the 
cessation of the hydrogen evolution. Then slowly heat the liquid in K 
to boiling, and keep at this temperature until about half of the liquid 
has distilled over into A; this requires about half an hour. During 
the last 10 minutes pass a slow current of air through the tube r. 

If the distillation luas been correctly performed, all the ammonia 
will now bo fojiind in A; no trace should reach B, and the red litmus 
p.apcr in liio T-tubc should show no tinge o! blue. 

AMion the distillation is finished, open the pinchcock at r and remove 
the fl.amo. Add a little methyl orange to A hereby the liquid is 
colored red, pour the content.*? of It into A and rinse out B with water 
that is added to A. Finally titrate the excess of the sulfuric acid with 
O.f) N cau'^tic alkali solution until a yellow end point is obtained. The 
amount of nitric acid is computed os follows: 


If t ml of 0.5 N base is iL«c<i in the titration of a g of substance, then 
(25-0X3.151 (25-0X2.700 

per cent UNO, or ^ per cent NiOs. 
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DetennioatioB of Nitric Add as Nitric Oxide 

Method of Schldsing and Grandeau, modified by Tiemann and Schulze^ 

Principle. If a nitrate is heated with ferrous chloride and hydrochloric acid, 
the mtrie acid is reduced to nitric oxide: 

NaKOi + SPcCl, + 4Ha = NaCI + 3FeCI, + 2HiO ^ NO 

From the volume of the nitric oride its weight can be calculated. 

The method of Schlhsing in its original form* was not much used on account of 
the apparatus required J but after being modified by Grandeau’ it became one of 
the best methods for the determinarion of nitric acid. 

The apparatus necessary, ehown in Fig. 05, consists of a 160-ml flask K fitted with 
a double-bored rubber stopper. Through one of the holes pass the tube b, which 



reaches into the flask just to the lower surface of the stopper; through the other 
hole pass the tube a,* ending in a restriction about 1 mm wide and reaching IM 
below the stopper. Connect the tube b by means of a piece of rubber tubing 5 cm 
long, and provWed with a pincheock, with a second tube whose lower end reaches up 
into the measuring tube and is covered with rubber tubing as is shown in the figure. 
In the same way connect the tube a with a straight tube. 

Solutions Required. 1. A nitrate solution of known strength; dissolve 2.022 g 
of recrystallized potassium nitrate, dried at 160“, in 1 i of water. At 0* and 700 mtn 
pressure, 50 ml of this solution evolves 22.39 ml of NO. 

2. Ferrous chloride solution. Dissolve 20 g of iron (nails) in 100 ml of concen- 
trated hydrochloric acid 

3. Six normal hydrochloric acid d l.l. 


*2. anal. Chem., 9, 401 (1870), and Sen, 6, 1041 (1873). 

» Ann. chim. phys., [3) 40, 479 (1853). 

• Grandeau, Analyse chmtque apjdiquie d ragriculture. 

* Grandeau used a separatory fuimel instead of the tube o; the latter was proposed 
by Hcmarm and Schulze. 
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Procedure. Pour 10 ml of water into K and mark its upper level 
on the outside of the flask with a colored pencil, then add 40 ml more 
and mark its position. 

Now pour out the water and add from a pipet exactly 50.00 ml of the 
standard nitrate solution to K, insert the stopper with the delivery tubing 
in place, and open the pinchcocks h' and A". Heat the contents of the 
flask to boiling with a free flame until no more bubbles of air escape from 
the lower end of 6 into the bath containing boiled water. To make sure 
that all the air is expelled from the apparatus, pinch the rubber tubing at 
h' with the thumb and finger; if no air is present, the liquid will quickly 
rise in 6, exerting a noticeable pressure. Then close the pinchcock h' 
and continue the boiling until the 50 ml has been reduced to a volume 
of 10 ml; then remove the flame and close the pinchcock A". The lower 
end of a, which dips into distilled water, is immediately filled up to the 
pinchcock. The vapors in the flask condense, forming a vacuum, as 
shown by the closing together of the rubber tubing at h' and A". 

Pour 30 ml of the ferrous chloride solution into a beaker and mark 
the upper level on the outside with a colored pencil; add 20 ml more 
and note the position in the beaker t^ain. Place the lower end of the 
tube a in the ferrous chloride solution so that it reaches below the lower 
mark on the beaker, and, by opening A", allow 20 ml of the solution 
to pass into the flask K. Then replace the beaker containing the 
ferrous chloride with one containing boiled water. The tube a should 
not extend vertically into the water, but should bo inclined as much 
as possible. The specifically heavier ferrous chloride solution in the 
tube passes into the water, and the water takes its place. 'When the 
lower end of a has become filled with pure water in this way, dip it into 
a beaker containing G N hydrochloric acid and allow about 20 ml of 
the acid to flow into K, and finally add 3-4 ml of w’ater to replace the 
acid in a. Now fill a 50-ml measuring cylinder with boiled water, 
place over the lower end of 6 as sho^vn in the figure, and heat the con- 
tents of the flask K 15 minutes on the water bath,^ then boil with a 
free flame. As soon as the compressed rubber tubing begins to expand 
open h', but at the same time pinch the rubber tubing between the 
thumb and finger. ^Micn the liquid no longer rises in 6, remove the 
hand from the rubber tubing and allow the nitric oxide to collect slowly 
in the mea.suring tube. After half of the liquid has evaporated, no 
further evolution of nitric oxide is to be noticed, although the brown 
color of the solution shows that the gas has not been completely expelled. 

* The heating on the water bath is necessary, as otherwise a little nitric acid will 
distil over and not be reduced. A. Wcgclln, Inaug. Dis«crt., Zurich, 1907. 
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To accomplisli this, remove the flame, close h', and allow the liquid in K 
to cool. By means of the vacuum thus produced the remainder of the 
nitric oxide is expelled from the solution. Repeat the boiling once more, 
with the same precautions, until the lower mark is reached. Remove 
the flame, close k*, and place the measuring tube containing the nitric 
osdde in a cylinder containiL'g pure water at the temperature of the room. 
To prevent the tube containing the gas from sinking, encase its upper 
end in a large cork so that it floats on the water. After allo^\iDg to stand 
for 15-20 minutes raise tlic tube, by means of the cork, until the level 
of the liquid within stands at the same height as that in the cylinder 
without, and read the volume of the gas. At the same time take the 
temperature of the water and note the barometer reading. 

If the temperature was the barometer reading B ml, and w the 
tenrion of aqueous vapor at f, then the corresponding volume at 0® 
and 760 mm pressure is 

V - w)273 

760(273 + 0 

Now SO ml of the standard potassium nitrate solution contains 0.1011 g 
of ICNOs corresponding to O.OMOl g of NjOj, so that the volume Vo 
of the nitric oxide corresponds to 0.05401 g of NsOs. Repeat the experi- 
ment several times and use the mean value. It is not permissible to 
assume that 0.1011 g of KNO3 will furnish exactly 22.39 ml of nitric 
oxide as a little always remains in the flask. 

Now carry out the same procedure with 50 ml of the solution of the 
unknown nitrate, which should be prepared so that the amount of nitric 
oxide evolved will be about the same as that from 50 ml of the standard 
solution. 

Good results are obtamed by this method, but the rubber stoppers are 
attacked quite badly and analyses are sometimes spoiled by not opening 
the pinchcock h' at just the right time. These difficulties have been 
overcome by Wegelin^ in the apparatus shown in Fig. 66. The decom- 
position flask K has a capacity of about 120 ml. Its neck is about 
9 cm long, and into it are fused glass tubes k and s connecting the flask 
with the funnel T and the delivery tubing <?. The results are a little 
too high by this method so that it is advisable to cany out the standard- 
ization with about the same quantity of nitrate as taken for actual 
analysis. 

Modified Procedure. Through the funnel T pour the concentrated 
solution of the weighed nitrate and rinse out the funnel with 50 ml 


* Doctorate Thesis, Ztirich, 1907. 
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of water. Close the stopcock a, and boil the liquid in K. Have the 
75-cm-long tube g in place, dipping under mercurj' in the small dish G, 
but do not have the tube G over the end of the tubing. After half 
the liquid in K has boiled away, remove the flame and allow mercury 
to suck up into the tube g. ^lark the height of the mercuiy; if it does 
not fall during 15 minutes, the apparatus is tight. Again heat the 
liquid in K to boiling, and when steam escapes, at the bottom of g, 
open the stopcock Qi and drive out all air from the tubing k. Boil, 
with Qi open, until the liquid in if is reduced to 10 ml as shown by the 
mark etched on the flask. Then close Qi and allow the liquid in K to 



Fio. 66. 


cool a little. Pour 20 ml of standard ferrous chloride solution into T 
and cause it to flow into K by carefully opening the stopcock but tak- 
ing care not to let any air in. Rinse out T with 80 ml of 6 hydro- 
chloric acid and place the cylinder C, filled with mercury, over the end 
of the tubing g. Heat the contents of K 20 minutes, with the water 
bath ir in place, and then boil with a free flame until the volume of 
liquid is reduced to 10 ml. Remove the flame and transfer the gas 
in C into the Drehschmidt pipet, P, by lowering the leveling bulb 
and opening Hi and Q^. Also introduce 0.5 ml of 33 per cent caustic 
potash solu^on through the tip of the stopcock Hi. This serves to 
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absorb hydrochloric acid gas. After a little while, transfer the gas to a 
gas buret and measure it over mercury or over water. 

It is also permissible to collect the gas over water. In that case 
have the 75-cm tube g end in a 6-7 era T-tube Gi open at both ends. 
Fill the dish n with mercury till level with the upper end of the T-tube, 
and place n in the dish wii containing water. 

Determination of Nitric Acid in a Drinking Water 

Evaporate 100-300 ml of the water to 40-50 ml in a porcelain ^sh, 
add a few drops of methyl orange indicator solution, and dilute hydro- 
chloric 'acid, free from nitrate, until the solution is pink. Now add 
sodium carbonate solution until the liquid is barely alkaline and wash 
the contents of the flask into the decomposition flask K, Fig. 65, and 
analyze as described on p. 387, but collect the gas over 10 per cent 
sodium hydrojdde solution, to make sure that the carbonic acid is com- 
pletely absorbed. 

After the experiment with the water to be analyzed, repeat with 
an amount of the standard solution sufficient to evolve about the same 
quantity of nitric oxide. 

Remark. Id drinking water die neutralisation of the evaporated sample is not 
absolutely necessary, except with alkaline mineral waters; in that case the intro* 
duction of the hydrochloric acid would otherwise cause such a violent evolution of' 
carbon dioxide that the flask might crack. 


Chloric Acid, HClOvTHsO. Mol. Wt. 210.68 

Form: Silver Chloride, AgCl, besides volumetric and 
gasometric methods 

To determine chloric acid as silver chloride it must previously be 
reduced to chloride by means of ferrous sulfate or zinc. 

Reduction by Means of Ferrous Sulfate 

Dissolve 0.8 g of chlorate in 100 ml of water, add 50 ml of a 10 per 
cent solution of crystallized ferrous sulfate, heat with constant stirring 
till the solution begins to boil, and keep at this temperature for 15 
minutes. After cooling, add nitric acid until the deposited basic ferric 
salt is dissolved, precipitate the chloride by means of silver nitrate, and 
weigh after the usual treatment. 

One gram of silver chloride corresponds to 0.8550 g KClOj. 
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Reduction by Zinc 

Although chlorates are reduced in neutral solution by means of 
zinc or Devarda’s alloyi it is not advisable to effect the reduction in 
this way for quantitative purposes. Tlie same 'end is reached more 
expeditiously by adding zinc dust to an acetic acid solution. Treat 
the dilute chlorate solution wth acetic acid until it reacts distinctly 
acid, add an excess of powdered zinc, and boil the solution for 1 hour. 
After cooling, add nitric acid in sufficient quantity to dissolve all the 
excess of zinc, filter if necessary, and determine the cliloride as silver 
salt (p. 291). 

Remark. Both the above methods afford exact results, but the former is to 
be preferred, for it requires less time. 

Chlorates are not decomposed quantitatively into chlorides by igni- 
tion in open vessels or in a current of carbon dioxide. Some chlorine 
and a little alkali are always lost, so that, even when the residue is evapo- 
rated with hydrochloric acid, too low results arc obtained. 

According to the two following methods, the decomposition of alkali 
chlorate into chloride is quantitative. 

Reduction with Hydrochloric Acid 

Cover 0.3 g of chlorate in a weighed porcelain crucible with 1.5 
hydrochloric acid. Place a watch glass upon the crucible, and heat 
the contents on the water bath until the evolution of chlorine ceases. 
Rinse off the lower surface of the watch glass, and evaporate the con- 
tents of the crucible to dryness on the water bath. Replace the cover 
and gently ignite over a free flame until the decrepitation ceases. After 
cooling in a desiccator, again weigh the crucible. 

Reduction by Ignition with Ammonium Chloride 

Mix the alkali chlorate in a porcelain crucible with 3 times as much 
pure ammonium chloride, cover with a watch glass, heat over a free 
flame, keep in constant motion until the ammonium chloride is com- 
pletely removed, and weigh the residual alkali chloride. 


PERCHLORIC Acid, HCIOo Mol. Wt. 100.46 
Form: Silver Chloride, AgCl 

Perchlorates cannot be reduced to chlorides by means of ferrous sul- 
fate, zinc, or by repeated evaporation with concentrated hydrochloric 
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acid.^ On ignition, some cWorine and alkali cWoride and probably 
a little perchloric acid are lost, bo that an error amounting to as much 
as 1 per cent may be expected. On the other hand, Winteler has 
shown that perchlorates may be changed to chlorides by heating with 
concentrated nitric acid and silver nitrate in a closed tube (see Carius’ 
method for determining chlorine in organic substances, p. 293), and 
L. Blangey found that ignition with ammonium chloride would accom- 
plish the same result. With 0.3 g of perchlorate and 2 g of ammo- 
nium chloride, 90 minutes should be sufficient for complete reduction. 

Decomposition of Perchlorates by Igaidoa with Ammonium Chloride 

By twice igniting an intimate mixture of 0.5 g potassium perchlorate 
with 1.5-2 g of ammonium chloride in a platinum crucible covered with 
a watch glass, the perchlorate is completely changed to chloride. Care 
should be taken not to melt the residual chloride, for then the plati- 
num is attacked, although the accuracy of the results is not affected. 
The reduction cannot be accomplished completely in a porcelain cru- 
cible unless platinum is present as catalyzer. If 0.5 g of alkali per- 
chlorate is mixed with 1 g of ammonium chloride, and 1 ml of cbloro- 
platinic acid solution (0.0918 g Pt) is added, a complete reduction can 
be accomplished by igmting and repeatmg with 2 more additions of 
ammonium chloride. 

Determination of Perchloric Add in the Presence of Chloric Add 

In one portion reduce the chlorate, as described on p. 390, with fer- 
rous sulfate, and determine the chloride formed as silver chloride. 
Ignite a second portion in an old platinum crucible (or in one of por- 
celain \rith the addition of 1 ml of chloroplatinic add) and 3 times 
as much ammonium chloride (as described above). In this way the 
total amount of chlorine is obtdned, and from these data the amount 
of each acid can be calculated. 

Determination of Perchloric, Chloric, and Hydrochloric Acids in the 
Presence of One Another 

The three acids are assumed to bo present in the form of theiralkali salts. 

In one portion determine the chloride-chlorine by precipitation with 
diver nitrate. In a second sample determine the chlorate and chlo- 
ride-chlorine after the chlorate has been reduced to chloride by means 
of ferrous sulfate. Determine the total amount of chlorine present 
in a third portion after ignition with ammonium chloride. 

* On evaporating with hydtocUoric acid tbere is a loss without any evolution 
of chlorinej it is due to the volatilisation of amounts of perchloric acids 
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SUliFUUIG, HYDROFLUORIC, AND FLUOSILICIC ACIDS 
Sulfuric Acm, HjSOi. Mol. wt. 98.08 
Fonn: Barium Sulfate, BaSO^ 

Theoretically the gravimetric determination of sulfuric acid is ex- 
tremely simple, it being only necessary to precipitate mth barium 
chloride, filter, and weigh the barium sulfate. Practically, however, 
it is a process connected with many difficulties. 

According to the manner of precipitating barium sulfate, the com- 
position of the precipitate varies in such a way that sometimes the 
results arc too high and sometimes too low. 

Errors tVblch May Occur In the PrecIpitatioQ of Barium Sulfate. /. In the 
Predpitalion oj Banum Chlonde tcith Pure Sulfuric Actd. If a dilute, slightly acid 
solution of barium chloride is treated at the boiling temperature with an excess 
of dilute sulfuric acid, the precipitate oonlains all the barium except a very small, 
negligible amount. If, however, tlie precipitate is weighed, the result is invariably 
too low; and this is true even ulicn the solution is evaporated to dryness ixj order 
to recover the Last traces of barium. The precipitate always contains barium 
chloride in a form which cannot be removed by washing. A mixture, therefore, of 
barium sulfate and barium chloride is weighed, and as the molecular weight of the 
chloride is less than that of the sulfate, the result must be too low. To obtain 
accurate results, the chlorine combined with barium in the precipitate must be 
replaced by SO,; and this can be accomplished by moistening the precipitate with 
concentrated sulfuric acid, and heating until the excess of the acid is removed by 
voIaliIiz.ition. 

Not only is barium ehlonde carried down with b.arium sulfate, but all barium 
salts as well, especially the chlorate and nitrate. The.se are, however, readily 
clianged to sulfate by the above treatment with concentrated sulfuric acid. It is 
immaterial in the estim.alion of barium bow the precipitation is effected; whether 
the sulfuric acid is added quicUy, or drop by drop, the results arc always the same. 

II. In the Prccijnlation cf Pure Sulfuric Acid xcilk Barium Chlonde. This is the 
reverse proccju*, but here it is not a matter of indifference whether the barium 
chloride w added slowly, drop by drop, or rapidly all at one lime. In the first 
in«t,mee, the results arc very nc.af the truth without the application of any correction; 
in the second, too high results arc obtained, bcenu.«c by the rapid addition of the 
rc.agrnt more barium chloride is carried down n itii the precipitate than when the 
reagent is added verj* slowly. 
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To obtain the true weight of barium sulfate, it is often necessary to make a 
deduction for the amount of barium diloride contained in the precipitate and to 
add the weight of barium sulfate remaining in solution. 

The chlorine contained in the precipitate can be determined in several different ways. 

L Fuse the precipitate with 4 rimes as much pure sodium carbonate, extract the 
melt with hot water, filter, make the filtrate acid with nitric acid, and precipitate 
the chlorine with silver nitrate. Filter and weigh. 

2. Still more accurate is the process of Hulett and Duschak.* Place the ignited 
precipitate of barium sulfate in a U-tube of which one arm is drawn out into a thin, 
right-angled, gas delivery tube. Add concentrated sulfuric acid to the precipitate 
and heat the mixture by placing the U-tube in hot water. The barium sulfate dis- 
solves readily in the hot, concentrated sulfuric acid, and the barium chloride present 
is decomposed. To determine the amount of hydrochloric acid set free, pass a slow 
stream of air, which haa been washed with caustic potash solution, through the tube, 
with the drawn-out end of the tube dipping into a stout test tube containing 0.01 N 
silver nitrate solution. After 2-2.5 hours all the hydrochloric acid will have been 
expelled from the sulfuric acid. 

Remove the decomposition apparatus, rinse out the gas delivery tube with a little 
water, and determine the silver remaining in solution volumetrically (cf. Volhard 
method). 

For the determination of the dissolved barium sulfate, evaporate to dryness the 
filtrate from the first precipitation, moisten the residue with a few drops of concen- 
trated hydrochloric acid, take up with water, filter off the sfight precipitate of barium 
'sulfate, and weigh. During all such work take care to prevent sulfuric acid con- 
tamination from the air in the laboratory. The evaporation should, therefore, take 
place on the steam bath or steam table. 

Calculation of the True WeigH of Barium Sulfate. If the weight of the first pre- 
cipitate of crude barium sulfate is a, the weight of the barium chloride contamed in 
this precipitate, as determined by titration of the amount of chlorine, is 6, and the 
amount of barium sulfate in solution is e, then a — h + c represents the weight of 
pure barium sulfate. 

Experience has shown, however, that, when pure sulfuric acid is precipitated by 
means of dilute barium chloride solution added drop by drop, the errors 6 and c are 
approximately equal and counterbalance each other so that the weight a is very 
close to that of the pure barium sulfate. 

III. In the Precipitation of Sulfates with Barium Chloride. Here the relations are 
far more complicated than in the precipitation of pure sulfuric acid, partly because 
the barium sulfate is more soluble in salt solutions than in water containing a little 
acid, and partly because of the tendency of barium sulfate to occlude not only 
barium chloride but many other salts as well. Solutions of chromium sulfate are 
either violet or green. From the boiling-hot green solution only one-third of the 
sulfuric acid is precipitated, the remainder probably being present in the form of a 
complex chrome-sulfate cation;* on cooling, the green solution gradually becomes 
violet, and after some time all the sulfuric acid is precipitated. The precipitation 
of barium sulfate in the presence of ferric iron has been much studied. In the boiling- 
hot solution, not all the sulfuric acid is precipitated and considerable iron is thrown 
down with the barium sulfate, and furthermore, the precipitate then loses SOa on 


^Z. anorg. Chem., 40, 196 (1904). 

*Recoura, Compt. rend., 113, 857; 114, 477. 
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ignition. Since ferric oxide weighs less than an equivalent weight of barium sulfate 
sometimes the results are as much as 10 per cent too low. On the other hand, 
KOstcr and Thiel* were able to get satisfactory results (1) by precipitating the 
sulfuric acid from such a solution in the cold, (2) by slowly adding the ferric chloride 
and sulfuric acid solution tothchotsolutitai of barium chloride, or (3) by precipitating 
the iron by an excess of ammonia, beating, adding barium chloride to the solution 
without filtering off the ferric hydro.xide, and finally dissolving the ferric hydroxide 
in dilute hydrochloric acid. 

Most chemists, however, deem it advisable to remove trivalent metals before 
attempting to determine the sulfuric acid. This is accomplished in the case of ferric 
iron by adding a liberal excess of ammonia to the dilute, slightly acid solution which 
is at a temperature of about 70®. If 5-7 ml of concentrated ammonia (d 0.90) is 
added in excess of the amount required for neutralization,* the precipitate is not 
likely to contain any basic ferric sulfate. If, on the other hand, the solution is 
barely neutralized with ammonia, the precipitate will invariably contain some 
suUalc. 

TIic bivalent metals are occluded to a much less extent, so that it is not, as a rule, 
necessarj’ to remove them. On the other hand, in the presence of considerable 
amounts of bivalent metal with relatively small amounts of sulfuric acid, the error 
arising from occlusion is likely to bo large, so that it is better to remove the bivalent 
metals The error caused by ferric salts can be largely overcome by reducing the 
iron with zinc. 

In the presence of alkali nitrate or chlorate the barium sulfate precipitate will 
contain considerable quantities of barium chlorate and nitrate which it is impossible 
to remove by washing with hot nater. These acids, therefore, must bo decomposed 
by evaporation uith hydrochloric acid before the precipitation of the sulfuric acid 
u attempted. 

In ordinary chemical practice it Is usually a question of determining sulfuric 
add m a solution containing considerable amounts of ammonium or alkali chloride, 
ammonium or alkali sulfate, and some free hydrochloric acid. Now ammonium and 
alkali sulfates are also occluded by barium sulfate, and the amount of occlusion 
incrca.«cs a.s the solution is more concentrated with respect to these substances. 
For this reason it is evident that barium sulfate should always be precipitated in a 
dilute solution. On the other hand, if the solution is too dilute or very concentrated 
the crj'staLs arc so small that they will run through a filter. A small amount of free 
liydrochlonc acid is indi«pcnsablc, but larger amounts have a solvent effect upon 
the precipitate One might think that adsorbed ammonium chloride would do no 
harm, but it h.as been found to cause some volatilization of sulfate during ignition. 

For an amount of sulfunc acid corresponding to 1-2 g of barium sulfate, the 
precipitation should take place in a volume of 350-100 ml and in the presence of 
1 ml of 12 iV liydrochlonc acid 

If a ntutral solution is at hand, dilute to n x'olume of 350 ml and add 1 ml of con- 
centrated hydrocliloric acid Carefully neutralize an oftofinc solution with hydro- 
chlonc acid, u«ing methyl orange as indicator, add 1 ml of concentrated hydrochloric 
acid m cxces.'i, and dilute the solution to 350 ml. 

Ilnolly, m the ca«c of an aad solution, either evaporate to diynesa, moisten the 
rr«iduc with 1 ml of concentrated hydrochloric acid, and add 350 ml of water, or, 


anorg CAm, 22, 421 
* PntUnson, J Soc, CKcm. Ind , 24, 7. 
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This determination is used in the analysis of cements but the hydro- 
chloric acid solution of the cement will contain much calcium as well 
as iron and aluminum. It is best to precipitate these metals by the 
addition of ammonia and ammonium carbonate and determine the sul- 
furic acid in the filtrate. 

If it is desired to determine the amount of sulfide-sulfur, cover the 
substance v-dth concentrated hydrochloric acid that is saturated with 
liquid bromine, dilute, add hydrochloric acid, and boil the solution to 
expel the excess of the bromine. Precipitate the iron, aluminum, and 
calcium by ammonia and ammonium carbonate, and determine the 
total sulfur in the filtrate. The difference between the two results 
represents the amount of sulfur present os sulfide. For the volumetric 
determination of sulfuric acid sec Chapter XVII. 

Hydrofluoric Acid, HF. Mol. Wt. 20.01 

Forms: Calcium Fluoride, CaFt; Silicon Fluoride, SiFi; besides 
volumetric and gasometric methods 

1. Determination as Calcium Fluoride 

If the solution contains free hydrofluoric acid or an acid fluoride, 
add sodium carbonate until the reaction is alkaline and from one-fourth 
to one-fiftli as much more in excess. By the excess of sodium carbon- 
ate the subsequent precipitate of calcium fluoride will contam calcium 
carbonate, which renders the precipitate easy to filter. A pure precipi- 
tate of calcium fluoride is slimy, and the pores of the filter become so 
cloRRctl that it is almost impossible to complete the filtration. To 
solutions of neutral fluorides, add about 1 ml of 2 A’’ sodium carbonate 
solution. Heat the alkaline solution to boiling, add an excess of cal- 
cium chloride solution, filter, and thoroughly wash the precipitate of 
calcium fluoride and carbonate with hot water. Drj' the precipitate, 
transfer as much of it ns possible to a platinum crucible, add the ash of 
the filter, and ignite the contents of the cniciblc. The ignition makes 
(he CaFj dcn<5cr and licncc easier to filter. After cooling, cover the 
mass with an excess of <lilutc acclic acid; this changes the lime to the 
soluble acetate, but does not affect the fluoride. Evaporate the mix- 
ture to drj*noss on the water bath; moisten the residue with water and 
n few drops of G X acetic acid. Filter off the in'^olublo calcium fluoride, 
wa-h, niul dr>*. Transfer as much of the dried CaFj to the crucible as 
I>ov.il)Ie, bum the filter paper, add its ash, and after ignition weigh the 
cnirihle. To confimi the result treat the substance with a little con- 
centratwl sulfuric acid (nd(lc<l c.autiously), evaporate off the excess of 
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the acid, once more ignite, and weigh the contents of the crucible as 
calcium sulfate. Calcium fluoride is not volatilized in an open platinum 
crucible heated over a Bunsen burner. Heated over the blast lamp, 
there is appreciable volatilization. 

One gram CaFg yields 1.744 g CaSO^ 

Remark. The results are usually a little low on account of the solubility of 
calcium fluoride; 100 ml of water dissolves 0 0016 g and 100 ml of 1.5 N acetic acid 
dissolves 0.011 g CaF» at the temperature of the water bath. 

Example; Determination of Fluorine in Calcium Fluoride. Calcium fluoride 
alone is not decomposed completely by fuang with sodium carbonate; but if mixed 
with times as much silica and then fused with 6 times as much sodium-potassium 
carbonate, the greater part of the »Hcic acid and all the fluorine will be changed to 
soluble alkali salts, while the calcium will be left as insoluble calcium carbonate. 
The mixture must be heated gradually (best in a platinum dish), os otherwise the 
evolution of carbon dioxide may cause the melt to boil over. Tlie thin liquid fusion 
soon changes to a thick paste or only wntera somewhat. On raising the temperature, 
it is almost impossible to melt this mass further, and it is not necessary. In fact, 
too high a temperature is to be avoided on account of the danger of losing some alkali 
fluoride by volatilisation. The reaction is complete when there is no further evolu- 
tion of carbon dioxide. After cooling, treat the melt with water, filter off the in- 
soluble residue, and wash thoroughly with hot water. Remove silicic acid by adding 
4 g of amtnonium carbonate,^ heat for some time at about 40^ allow to stand over 
night, and in the morning filter off the voluminous precipitate. Wash it with 2 per 
cent ammonium carbonate solution (pure water will give a turbid filtrate), 
filtrate now contains only a small amount of silicic acid. Evaporate almost to diy^ 
ness on the water bath,* dilute with a little water, and add afew drops of phenolphthal- 
ein indicator solution. The liquid is colored pink by the indicator; add enough nitric 
acid to make it colorless. Heat the solution to boiling, which causes the reappear- 
ance of the pink color. After cooling, again discharge the color with nitric acid, and 
repeat this operation until finally the addition of 1-lH ml of 2 N nitric acid is suffi- 
cient to effect the decolorization. 

The solution still contains a little silicic acid which can be removed, as recom- 
mended by Berzelius, by precipitating with 2 ml of ammoniacal sine oxide. To 
prepare this, add sodium carbonate to a neutral zinc solution, heat to boiling, filter, 
and wash with hot water. Dissolve the precipitate in the Schaffgottsche ammonium 
carbonate reagent (p. 289). After the addition of the ammoniacal zinc solution 
heat to boiling till the ammonia is wholly cjqieUed, filter, and wash the precipitate 
with hot water. 

The above-prescribed use of nitric acid instead of hydrochloric acid is necessary 
because some phosphate is likely to be present which must be removed. To the 
still alkaline solution, add silver nitrate in slight excess. This serves to precipitate 
the phosphate (chromate), chloride, and carbonate of silver. Heat slightly, filter, 

‘Before adding the ammonium carbonate, the greater part of the alkali car- 
bonate should be neutralized with dilute hydrochloric acid, but care should be taken 
not to make the solution acid. 

* The liquid foams during the cv^Kiration owing to the decomposition of the 
axcess of ammonium carbonate; the evaporating dish should be covered with a 
watch glass until the evolution of carbon dioxide ceases. 
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and wash with hot water. Remove the e.Tccss silver by adding a little sodium 
chloride solution. Boil to coagulate, filter, and wash the precipitate with hot water. 
Add 1 ml of 2 N sodium carbonate solution and precipitate with calcium chloride 
as described on p. 397. 

peterraination of Silica and Fluorine in Glasses and Enamels 

The method just described is tedious. Hoffman and Lundell' have modified the 
procedure, so that the determination of fluorine and silica can be made in silicates in 
much less time and with greater accuracy. Instead of precipitating the fluorine as 
calcium fluoride, it is obtained as lead chlorofluoride, PbClF, which can be dissolved 
in dilute nitric acid and tlie chlonde content determined by titration with silver 
nitrate (f'CC Chapter XVH, "Volhard Method”). 

'I'hc precipitation of load chlorofluoride should take place in a solution of pH 
3 5-5.0. The presence of as little as 0 5 mg of aluminum causes low results as does 
more than 50 mg of boron, 0 5 g of ammonium, or 10 g of sodium or potassium. In 
the volumetric procedure small quantities of silica, phosphates, or sulfates do no 
harm. Pho<>phate may cause the filtrate from the lead chlorofluoride precipitate 
to become turbid 

Lead chlorofluoride is appreciably soluble In water (0 325 g In 11 of water at 25®) 
but is practically insoluble m a saturated solution of lead chloride in cold water. 
Moreover, in washing the precipitate with water, less of the precipitate dissolves 
than corresponds to the formation of a saturated solution. 

Procedure. Fuse 0.5 g of sample, in a platinum crucible, with about 
5 g of sodium carbonate. Leach the cooled melt with hot w’atcr and 
filter when its disintegration is complete. AVasli back the insoluble res- 
idue into the beaker used for the leaching, add 50 ml of 2 per cent sodium 
carbonate solution, boil a few minutes, filter, and wu^h with hot water 
until a drop of the filtrate is neutral to red litmus paper. The residue 
will contain a part of the silica in the original sample and must be 
saved for its determination. 

To the combined filtratc.s, at a volume of about 300 ml, add zinc 
nitrate solution which has been prepared by dissoKing 1 g of zinc oxide 
in 20 ml of 1.5 \ nitric acid. Boil I minute and filter off the precipi- 
tate. Wa^ih thoroughly with hot w.atcr and save this precipitate also 
for the silica determination. 

Add a few drops of methyl red indicator solution to the filtrate and 
nearly neutralize with nitric acid. Evaporate to about 200 ml, but 
take care that the solution remains slightly alkaline. After this evapo- 
ration, however, add l.f) A' nitric aci<l until the color of the solution is a 
ven.’ faint pink. Now add an ammonmcal zincalo solution prepared by 
treating 1 .0 g of zinc oxide and 2.0 g of ammonium carl>onntc with 20 ml 
of w.ater and 2 ml of conecntrateil XlftOII and digesting on the water 
hath until the solution is clear, and heat in a covered platinum dL«Ij 

‘ ItvT. Stamianlt J. /.VjmrcA, 3, AS (1939). 
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until there is no more odor of ammonia, which i^ually requires evapora- 
tion to about 60 ml. Add SO ml of warm water, stir, digest a few 
minutes, filter, and wash the precipitate with cold water. It contmns 
the last traces of silica, and the filtrate contains all the fluorine. 

Determination of Silica. With the aid of a jet of 0.6 AT hydro- 
chloric acid, transfer the three precipitates obtained above to the dish 
in which the last precipitation was made. Ignite the filters and add 
any residue to the contents of the dish. Now add 25 ml of concentrated 
hydrochloric acid and evaporate to diyness on the steam bath. Remove 
the dish from the steam bath, moisten the residue with 10 ml of con- 
centrated hydrochloric acid, warm slightly, and then add 100 to 150 ml 
of hot water. Digest on the steam bath for 15 minutes, filter, and wash 
thoroughly with hot dilute 0.6 N hydrochloric acid and then with hot 
water. Return the filtrate and wa-slungs to the dish in which the evapo- 
ration was made, add 10 ml of concentrated sulfuric acid, and evaporate 
until fumes of sulfuric acid are evolved. Allow to cool, add 100 to 150 
ml of water, heat carefully until salts arc in solution, filter, and wash 
wdth hot water. Place the two papers containing the silica in a weired 
platinum crucible, heat slowly until diy, next char the paper without 
inflaming, bum off the carbon at as low a temperature as possible, and 
finally ignite to about 1000* C. Cool in a desiccator, weigh, and repeat 
the heating until a constant weight is obtained. Determine the silica 
by treatment with hydrofluoric and sulfuric acids in the usual manner. 

Determination of Fluorine, Take the filtrate from which the three 
impure silica precipitates were removed and add a few drops of bromo- 
phenol blue indicator solution.* Adjust the volume of the solution 
to 250 ml, add <filute nitric acid until the color changes to yellow, and 
then add dilute sodium hydrowde until it changes just to blue. Now 
add 2 ml of 6 iV hydrochloric acid and 5 g of solid lead nitrate, and 
heat on the steam bath. As soon as the lead nitrate is in solution, add 
5 g of solid sodium acetate, stir vigorously, and digest on the steam bath 
for H hour with occasional stirring. Allow to stand at least 4 hours at 
room temperature and then decant the solution through a paper filter of 
close texture. Wash the precipitate, beaker, and paper once with 
cold wat.er, then 4 to 5 times with a cool saturated solution of lead 
chlorofluoride, and then once more with cold water. 

Transfer the precipitate and paper to the beaker in which the pre- 
cipitation was made, stir the paper to a pulp, add 100 ml of 0.75 N 
nitric acid, and heat on the steam bath until the precipitate is dis- 


* Prepared by triturating 0.4 g of the diy powder with 6 ml of 0.1 N NaOH and 
diluUng to 100 ml. 
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solved. Then add a slight excess of standard, approximately 0.2 iV 
solution of silver nitrate, carefully noting the volume. Digest on the 
steam bath for hour, cool to room temperature while protected 
from the light, filter, wash with cold water, and determine the silver 
nitrate in the filtrate by means of a standard solution of potassium 
thiocyanate, using 5 ml of a solution of ferric alum as the indicator.^ 

Determination as Silicon Fluoride 

This method, proposed by Fresenius, depends upon the fact that many fluorides 
are decomposed by the action of concentrated sulfuric acid and silica; the fluorine 
escapes as silicon fluoride, which can be absorbed and weighed. 

Procedure. The same reagents and a very similar apparatus to 
that described on p. 402 arc required for this determination, except that 
in place of the P6iigot tubes (Fig. 67, p. 403) two weighed, glass-stop- 
pered U-tubes are used, of which the first is filled with moistened pieces 
of pumice, and the second has one arm filled with soda-Hme and the other 
wth calcium chloride. The analysis is carried out in exactly the same 
w’ay as is described for the Pcnficld method (sec p. 402) but at the end 
of the experiment the two U-tubes arc weighed. The increase in weight 
represents the amount of SiF<, and from this the amount of fluorine 
present is calculated as follows: Assume that a g of calcium fluoride 
yielded p g of SiF^. The treatment with the concentrated sulfuric 
acid caused the following reaction to take place: 

2CaF3 4- 2HiSO« 4- SiOj = 2CaS04 + 2H20 4- SiF, 

The SiFi is caught in the weighed U-tubes but the H 2 O is retained in the 

concentrated HjSOi; consequently, = per cent fluo- 


Remark. This method is suitable for the determination of fluorine in all fluorides 
that arc decomposed by sulfuric acid. The aiuilysis can be carried out in the presence 
of phosphates, but if carbonates are present they should be decomposed by ignition 
before the treatment with sulfuric acid According to K. Daniel, exact results 
are obt.aincd only \vhcn the decomposition of the fluoride takes place at the tempera- 
ture at w hieh sulfuric acid boils. The method is not suitable for the determination 
of fluorine in topaz and micas. 


• In routine work the determination of fluorine can be made without removing 
the last traces of silica with ammoniacal zincatc solution To apply the above 
procedure to the analysis of fluorite or other mincr.als containing little silica, about 
0 0 g of pure silica sliould be added to 0.25 g of the sample before fusmg svith sodium 
carbonate at the start of the analysis. 
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Detennination of Fluorine as Fluosilicic Acid, according to 
S. L. Penfield. Modified by Treadwell and Koch 

Principle. In this method the fluorine is expelled as silicon fluoride exactly as 
in the above method of Fresenius, but the gas is absorbed in 50 per cent alcoholic 
potassium chloride solution. By contact with water the silicon fluoride is decom- 
posed into fluosilicic and silicic acids. The former unites with the pots^ium chlo- 
ride, forming potassium fluosilieatc, insoluble in 50 per cent alcohol; 

SSiF* + SHsO -» 2H,SiF, + HiSiO, H,SiF. + 2KC1 = KjSiF, + 2HCI 

and sets free an equivalent amount of hydrochloric acid which can be titrated with 
0.2 N sodium hydroxide solution, uring cochineal as an indicator. From the above 
equations, it is emdent that 

1000 ml 0.2 N HCI = 0.3 mole CaF* 

1 ml 0.2 N NaOH » 0.0234 g CoF: or 0.0114 g F 

Requirements. 1. Pure Quartz Potvder. Place pieces of pure quartz in a 
platinum crucible, heat strongly over the blast lamp, and then drop into cold water. 
After this treatment it is very easy to reduce the quartz to a fine powder by grinding 
in an agate mortar. Ignite the powder, and wWIe still warm transfer to a flask 
fitted with ground-glass stopper. Allow the open flask and Its contents to cool in 
a desiccator, stopper, and set aside. 

2. Sea Sand. Treat clean sea sand with boiling concentrated sulfuric acid, wash, 
dry, ignite, and cool in a desiccator. 

3. Anhydrous Svifuric Add. Heat pure, concentrated sulfuric acid in a popcelam 
crucible until it is reduced one-third in volume and allow to cool in an empty 
desiccator. 

Procedure. Mix 0.1 g of the dry fluoride in an agate mortar, which 
is placed upon black glazed paper, xrith 2 g of the quartz powder, and 
transfer through the cylindrical arm A of the perfectly dry decompo- 
sition apparatus to the pear-shaped compartment B shown in Fig. 67. 
Then add 1.5-2 g of the sea sand, and mix with the rest of the material 
by shaking the apparatus. Then make connection with the dry U-tube, 
D, containing glass beads.' Place 15 ml of alcohol saturated with potas- 
sium chloride in each of the two Pdligot tubes P and Pi. When the 
apparatus is connected as shown in the drawng, allow a dry current 
of air, 2 free from carbon dioxide, to enter at h, and pass through the 
apparatus at the rate of 2 or 3 bubbles per second. Then without stop- 
ping the air current, introduce about 20 ml of anhydrous sulfuric acid 
into the decomposition apparatus through the funnel P. By intro- 
ducing the sulfuric acid in this way while maintaining the air current, 

^ This tube serves to keep back any sulfuric acid that is carried over mechanically. 
The apparatus has been simplified by Rosanov, Z. anal. Chem., 103, 328 (1938). 

* Wash the air by passing it through caustic potash solution, and dry it by passing 
through granular calcium chloride and concentrated sulfuric acid. 
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the sulfuric acid and the greater part of the silica and fluoride mixture are 
made to pass directly into the compartment B. After adding the sul- 
furic acid, place the decomposition vessel in a paraffin bath and heat 
slowly to a temperature of 130® to 140®. The evolution of silicon 
tetrafluoride at once begins, as is evident from the formation of foam. 
Continue passing air and heating the bath for 5 hours; then turn down 
the flame under the bath and pass air through the apparatus for half an 
hour longer at the rate of 3-4 bubbles per second. During the heating 
the apparatus should be frequently shaken in order to bring the sulfuric 



acid into contact with all portions of the solid mixture. It is not neces- 
sary, however, with this arrangement of the apparatus, to shake as 
frequently as in the forms of apparatus described by Penfield and by 
Fresenius, because the air in its passage through the narrow connecting 
tube between A and B of the decomposition apparatus serves of itself 
to effect a good miang. To accomplish this end, however, it is neces- 
sary to construct the apparatus exactly as shown in Fig. 67; the con- 
necting tube between A and B must be so narrow that it is completely 
filled with the bubbles of air passing, and furthermore the parts marked 
ceb must form an inclined plane upon which the substance can readily 
pass back and forth. If there is a hollow in the apparatus ai ceb, in 
which some of the substance can collect, the sulfuric acid may not come 
in contact with some of the fluoride so that the decomposition will be 
incomplete. Similarly it is necessary to guard against making the 
connecting tube c e too narrow, as otherwise the air will not pass in a 
uniform stream, but in spurts, so that in spite of the long tube D some 
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of the sulfuric acid fumes are likely to reach the P61igot tubes and thereby 
give rise to high results. 

If not more than 0.1 g of the fluoride is present, the action is over at 
the end of 5M hours, and this is e\ddent, as Danieh was the first to dis- 
cover, from the fact that the foaming in the apparatus ceases ; the hydro- 
chloric acid which has been set free in the P^Ugot tubes can now be 
titrated. To this end add a few drops of fresh cochineaP solution to 
each tube and titrate the contents with 0.2 N potassium hydroxide 
solution with frequent shaking, until the indicator changes from yellow 
to red. This, however, is by no means the correct end point, because, 
as Penfield observed, the gelatinous silicic acid encloses very appre- 
ciable amounts of hydrochloric acid. The silicic acid, therefore, must 
be thoroughly worked over with a stirring rod and the addition of the 
alkali hydroxide continued until the color change is permanent. 

Remark. This method is capable of giving excellent results but it is important 
that the apparatus and all the reagents added to the decomposition vessel should 
be perfectly dry. Phosphates do not interfere, but carbonates must be removed 
by a preliminary ignition. If the mineral contains “combined water" there is 
danger of losing hydroBuoric acid by this ignition, but such loss can be prevented 
by adding an oxide such os lime or htharge. 

The procedure can be modified to apply to the determination of fluoride in native 
sulfldes such as sphalerite.’ In this case mix 1 g of the substance (dried at 110“), 
with 2 g of sand and 2 g of anhydrous copper sulfate, and cover with 10 g of anhydrous 
chromic acid anhydride (CrOj). After introducing sample and the sulfuric acid, 
as described above, gradually raise the temperature to 130-140“ during 2 hours 
while passing a current of dry, COrfree air through the apparatus, and then heat 
3 hours at this temperature. 

In early editions of this book, it was proposed to dry the sulfuric acid over phos- 
phorus pentoxide, but such acid evolves a little sulfuric anhydride in the anabris 
and the results are usually about 0.4 per cent too high. 

Determination of Fluorine in Mineral Waters 

Evaporate 1-10 1 of the water (according to the amount of salts pres- 
ent) to a small volume, in a large dish, adding enough sodium carbonate 
to keep the solution slightly alkaline. Add an excess of calcium chlo- 
ride, boil, filter off the precipitate and wash it with hot water until free 
from chlorides. Dry the precipitate, transfer it as completely as 
possible to a platinum dish, add the ash of the filter to the main precipi- 
tate, and gently ignite. ' This residue conics all the fluorine as calcium 


1 Z. anarg. Chen., 38, 257 (1904). 

* Instead of cochineal, methyl orange may be used, although it is necessary then 
to add an equal volume of alcohol before titrating the hydrochloric acid. 

* L. da Rocha-Schmidt and K. KrQger, Z, anal, Chem., 63, 29 (1923). 



SEFAltA'l'lON Kit' U’ljUUlUiNili 




oride, besides considerable calcium (posably strontium) and mag- 
sium carbonates, iron, aluminum, and manganese oxides, often barium 
[fate, and almost invariably some calcium phosphate. Moisten it wth 
excess of dilute acetic acid, allow to stand for some time with frequent 
rring, and then evaporate to dryness on the water bath. Treat this 
>idue with water, filter, and wash with hot water. Transfer as much 
it as possible to a platinum crucible, add the ash of the filter, and 
ntly ignite the contents of the crucible. Mix 0.5-1 g of ignited quartz 
wder with the residue in an agate mortar. Transfer the mixture to the 
composition vessel A, Fig. 67, and treat with concentrated sulfuric 
id exactly as described above by the method of Penfielcl. As only 
ry little fluorine is present in this case, two small U-tubes can be used 
stead of the large P6Iigot tubes shown in Fig. 07. 

Remark. The formation of a precipitate in the first U-tube at the place marked 
t in Fig. 67 indicates the presence of fluorine. It is well to confirm it by the etch- 
j test. After carrying out the titration of the hydrochloric acid set free, transfer 
5 contents of the U-tube to a platinum dish, add a few drops of 2 ^ sodium car- 
nate, and evaporate the solution to dryness. Add ammoniacal zinc oride (cf. 
398), and again remove the liquid by evaporation. Take up the residue in water, 
d filter off the zinc oxide and silicate. iSeat the filtrate with calcium chloride os 
scribed on p. 397, and apply the etching test. 


Gas-Volumetric Determination of Fluorine according to 
Hempel and Oettel 

See Part III, “ Gas Analysis.” 

Separation of Fluorine 
(a) From the Metals 

For the determination of the metals present, the fluorine usually 
in be removed by heating with concentrated sulfuric acid. However, 
ith many silicates containing fluorine, e.g., topaz, lepidolite, and other 
licas, this treatment will not accomplish the desired result. In such 
ises fuse the mineral with 4-6 times as much sodium-potassium car- 
anate, and remove the silica and aluminum as described on p. 398 
Y treatment with ammonium carbonate and ammoniacal zinc solution, 
se the precipitates for the determination of aluminum and silica 
id the filtrate for the determination of the fluorine. The alkalies 
lUst be determined in a separate portion of the original substance 
ip. 416, 418). 
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(b) Separation of Fluorine from the Acids 

1, DefermiTiatfon 0 / Hi/drocMoric and Hydro^uoric Acfds in ihc 
Presence of One Anolhcr 

V^th soluble alkali salts, precipitate the fluorine from the solution by 
means of a little sodium carbonate and an excess of calcium nitrate 
solution, as described on p. 397. Make the filtrate acid •with nitric 
acid and determine the chlorine by precipitation with silver nitrate, 
according to p. 291. 

It is simpler to treat the solution containing hydrochloric and hydro- 
fluoric aci^ in a platinum evaporating dish with nitric acid and silver 
nitrate. Silver chloride is alone precipitated and can be filtered ofi, 
using a funnel of hard rubber or a glass one coated over with wax. 
Wash the precipitate and weigh as described on p. 291. When phos- 
phoric acid also is present, precipitate it with the chloride by the addi- 
tion of silver nitrate to the slightly alkaline solution. Filter off the 
precipitate, wash rrith as little cold water as possible, and treat the 
precipitate with dilute nitric acid. By this means the silver phos- 
phate goes into solution, while the silver chloride is unaffected. To 
determine the amount of phosphoric acid present, remove the silver 
from the solution by the addition of hydrochloric acid, and precipitate 
phosphoric acid in the filtrate by ad^tlon of magnesia mixture and 
ammonia (cf. p. 370). 

In the filtrate from the silver phosphate and silver chloride precipi- 
tate, remove the excess of silver nitrate by the addition of sodium chlo- 
ride and determine the fluorine as calcium fluoride. 

In the case of an insoluble compound containing chlorine and fluorine, 
extract the melt obtained after fusing ■with sodium-potassium car- 
bonate with water, remove the silica ■with ammonium carbonate and 
ammoniacal zinc solution as described on p. 398, and determine the 
chlorine and fluorine as above. 

Usually it is more convenient to determine the two acids in separate 
portions of the substance. 


2. Determination of Boric and Hydrojiuoric Acids 

To the solution containing the alkaU salts of these two acids add an 
excess of calcium chloride at the bolting temperature. Filter off and 
wash with hot water. 

Gently ignite the precipitate, eonsisring of calcium carbonate, cal- 
cium fluoride, and some calcium borate, treat ■with dilute acetic acid, 
evaporate to dryness, and add mom acetic acid and water. By this 
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means the calcium acetate and calcium borate go into solution, while 
the calcium fluoride is left behind and can be determined as described 
on p. 397. For the boric acid determination take a second portion of 
the solution, make barely acid Tvith acetic acid, and treat ^itli a slight 
excess of calcium acetate solution to precipitate the fluorine. Place 
the solution, together with the calcium fluoride precipitate, in the 
Gooch retort and subject to distillation as described on p. 365. 

FLUOSILICIC Acid, HjSiFe. Mol. Wt. 144.08 

Forms: Calcium Fluoride, CaF^; Potassium Fluosilicate; 
or volumetrically 

1. Determination as Calcium Fluoride 

Principle. Alkidi fluoailicatoa arc decomposed on heating with sodium carbonate 
solution into fluonde and silicic acid: 

NaaSiFj + 2Na,CO, + n,0 * CNaF + ILSiO, + 2CO, 

If a solution to be analyzed contains free fluosilicio add or its sodium salt, add 
sodium carbonate solution until the reaction is alkaline and then considerable ammo 
nium carbonate. Heat the solution to about 40”, and, after allowing to stand for 12 
hours, filter off the precipitated silicic add. 

The solution now contains all the fluorine ns sodium fluoride, in the presence of 
small amounts of silicic add, which can be precipitated by tbe addition of ammo- 
niacal zinc solution (see p. 30$). In tbe fil^te detennlne the fluorine as calcium 
fluoride, as described on p. 397. 

Fuse an insoluble fluosUicatc with 4 times as much sodium-potassium carbonate, 
extract the melt with water, and subject the solution to the above treatment. 

2. Determination as Potassium Fluosilicate 

This analysis is applicable only for the determination of free fluosiJidc add m 
aqueous solution. 

Procedure. Treat the solution with potassium cirlorido and an equal 
volume of absolute alcohol. Filter off the barely visible potassium 
fluosilicate through a tared Alter wliich has been dried at 100®. After 
washing with 50 per cent alcohol dry the precipitate at 100® and weigh 
as K-SiFe. 

The volumetric determination of fluosilicic acid will be discussed in 
Chapter XIV. 


Analysis of Salts of Fluosilicic Acid 

For the determination of the metal present, treat the salt with con- 
centrated sulfuric acid in a platinum dish and heat until dense fumes 
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of sulfuric anhydride are given off; silicon fluoride and hydrofluorio 
acid volatilize, while the metals are left behind as sulfates (cf . Vol. 1). 

Determination of Water Present in Fluosilicates (Rose~Jannaschy 

The water cannot be determined by ignition, because all fluosilicates, 
even topaz, evolve silicon fluoride when subjected to this treatment 
(cf. Vol. I). If, as proposed by Rose, the substance is fused with 6 to 8 
times as much lead oxide, all the water is evolved, while the fluorine 
remains behind: 

RjSiFb + 3PbO = 2RF + SPbFs + PbSiOs 

The analysis is best performed according to the directions of Jannasch : 
Blow a bulb with a capacity of about 25 ml near one end of a tube of 
difficultly fusible glass which is 26 cm long and 1 cm wide. Near the 
middle of the longer side of the tube, between asbestos plugs, place a 
layer 3-5 cm long of pulverized, anhydrous lead oxide, and connect tins 
end of the tube with two weighed calcium chloride tubes. Place the 
substance in the bulb, add 6-8 times as much load oxide, and mix with 
the substance by carefully revolving the tube. Conduct a dry current 
of air through the apparatus and slowly melt the contents of the bulb. 
All the water and often some of the fluorine is thereby expelled, and the 
fluorine is absorbed by the layer of lead oxide. At the end of the opera- 
tion cautiously heat this layer with a moving flame until no more water 
condenses in the cooler part of the tube. I^eh all the water has been 
driven over into the calcium chloride tubes, weigh them vdth the custom- 
ary precautions. 

^ Rose-Finkener: Lehrbuch der aiialyt. CAm., Vol. H, and Jannasch, PraHischer 
Leitfaden der Gewic}Usanoly$e. 
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SILICIC ACID (ALSO TANTALIC AND COLUMBIC ACIDS) 
Silicic acid, H2Si03. Mol. Wt. 78.08 
Form: Silicon Dioxide, Si02 

Two cases roust be considered: 

(а) The silicate is decomposed by acids. 

(б) The silicate is not decomposed by acids. 

(a) Silicates Decomposed by Acids 

Weigh out 0.5 g of the powdered silicate into a porcelain dish, add 
25 ml of water, and stir till the silicate b thoroughly wet. Add in 
small portions, while heating the casserole and stirring, 25 ml of 6 
hydrochloric acid. Evaporate upon the water bath with frequent stir^ 
ring until the residue is obtmned in the form of a dry powder. In 
many cases the decomposition is showm to be complete by the fact that 
no gritty particles can be felt with the stirring rod on the bottom of the 
dish. If, however, the substance contained quartz or some silicate that 
is not decomposed by hydrochloric acid, this is not the case and the 
procedure described on p. 411 should be followed. Heat the residue for 
at least an hour in the hot closet at 120-130®, to dehydrate the silica. 

Moisten the dry powder with concentrated hydrochloric acid, and 
allow the covered dish to stand for 10 minutes at the ordinary tempera- 
ture in order that basic salts and oxides formed during the evaporation 
and drying may once more be changed to chlorides. Then w’arm gently, 
dilute nith 100 ml of water, heat to boiling, and, after the silicic acid 
has settled, filter through a wcll-htting ashless paper filter. Wash the 
residue three or four times by decantation, with hot 2 N hydrochloric 
acid, then transfer to the filter and wash with hot w’ater until free from 
chloride. Place the precipitate in a platinum crucible and set aside for 
the time being. The separation of the silicic acid is not quite complete; 
as much as 2 mg may remain in the filtrate. To remove this, once 
more evaporate the solution to dryness on the 'water bath, and again 
heat at 120-130®, for an hour, moisten the residue with 5 ml of con- 
centrated hydrochloric acid, and allow to stand not more than 15 
409 
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minutes.^ Warm, dilute to 100 ml, heat to gentle boiling, and filter 
through a new and correspondingly small, ashless filter, washing with hot 
2 N acid and with water as before. Combine this filtrate with that previ- 
ously obtained and analyze it for FejOj, AI2O3, CaO, and MgO as de- 
scribed on p. 414. Ignite the wet filters containing the silica in a plati- 
num crucible. Keep the temperature low till all the carbon is consumed, 
and do not allow the filter to catch fire. Finally cover the crucible, and 
ignite over the blast lamp or over a M4ker burner. 

Remark, It is not advisable to use suction in filtering silicic acid. If the pre- 
cipitate is allowed to dry before being placed with the filter in the crucible there is 
danger of losing some of the fine powder- The heating at 120“ decreases the solubility 
of the silica in acid, but this temperature should not be exceeded. Magnesia at a 
higher temperature recombines with silica, and iron and aluminum oxides are formed 
in a condition hard to dissolve. 

Testing the Purify of the Silica 

The silica thus obtained is never absolutely pure, except in the analy- 
sis of a water-glass. Its purity must always be tested. For this pur- 
pose moisten it with water;* then add a drop of concentrated sulfuric 
acid and about 5-10 ml of pure hydrofluoric acid. Do not measure the 
acid in a glass graduate ; do not inhale the fumes any more than is neces- 
sary; and if any hydrofluoric acid is spilled on the hands wash them 
immediately under the water tap. Place the crucible in an air bath 
and evaporate under a good hood imtil no more vapors are expelled. 
Then remove the excess of sulfuric acid by heating over a free flame. 
Raise the temperature gradually, and finally heat the crucible over a 
blast lamp or M6ker burner, and again weigh. Repeat the treatment 
mth sulfuric and hydrofluoric acids, without adding any more water, 
until the contents of the crucible (usually AUOs, FexOs, TiOx, ZrOx, 
VxOe, PxOg, etc.) are at a constant weight. Deduct this amount from 
the weight of impure silica and add it to the precipitate obtained with 
ammonia in the subsequent analysis. The precipitate of FexOa, AI2O3, 
etc., should then be tested for SiOj by fusing the weighed precipitate 
■with KHSO4, treating the melt with dilute sulfuric acid, filtering, and • 
testing the residue wth hydrofluoric acid. 

A great many silicates are incompletely decomposed, if at all, by direct treatment 
with hydrochloric acid in an open vessel. Inasmuch as it is necessary to test the 
purity of the silica by treatment with sulfuric and hydrofluoric acids, it might seem 

» By being kept in contact with the add for too long a time some silicic acid will 
go into solution. 

* If the water is not added, the mass wiD effervesce so strongly that there is danger 
of losing some of the impure silica. 
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treated with sulfuric and hydrofluoric acids, the alkali and alkaline earths are left 
as sulfates, the iron is left as FcjOj, and the manganese as MnsOi. Moreover, boron 
is volatilized as BFj. Only when the rilica is nearly pure and when the impurities 
arc left as oxides in the same state of oxidation as at the start, and no other volatile 
constituent is present, does the loss in weight upon treatment with hydrofluoric 
and sulfuric acids represent the silica content. If the silicate is only partly decom- 
posed with acid it should be treated os an insoluble silicate. 

(b) Silicates Not Decomposed by Acids 

Silicates not decomposed completely by the action of 0 N hydrochloric acid are 
usually fused with sodium carbonate which converts them partly into sodium silicate 
and partly into an ortho- or mctasilicate which can be decomposed with acid. 

Fusion with Sodium Carbonate 

Fuse 0.5 g of the very finely powdered substance in a platinum cru- 
cible wth 3 g of sodium carbonate. The powdered silicate should be 
intimately mixed with the flux and a little sodium carbonate sprinkled 
on top. Heat the covered crucible at first over a small flame to drive 
out any moisture present. Gradually raise the temperature until finally 
the liighcst heat of a good Tirrill or M6kcr burner is obtained. As soon 
as the mass melts quietly and there is no further evolution of carbon 
dioxide, the decomposition is complete. Wind a piece of platinum 
nirc into a spiral and insert it into the fused mass. Remove the flame, 
allow the crucible to cool in the air somewhat and then play a stream 
of water upon the outside of the crucible. As soon as the crucible docs 
not liiss when the water strikes it, quickly introduce enough water into 
the crucible to cover the melt. After about a minute carefully pull on 
the wire; usually the melt can be withdrawn from the crucible. If it 
docs not come out ca-^ily, it can often be loosened by carefully heating 
the crucible.* Place the melt in a 300-mI casserole, add 25 ml of water, 
cover the casserole, and carefully add 25 ml of 0 N hydrochloric acid. 
A lively evolution of carbon dioxide at once takes place, but as the silicic 
acid separates, the inner part of the cake gradually becomes coated with 
a film of silicic acid which protects it from the further action of the acid. 
Consequently it is ncccssar>’ to brc.ak up the cake from time to time, by 
mcan-s of a glass rod, until finally there is no further evolution of a gas 
and no more hani lumps remain. Wlien manganese is present the melt 

» 1( the (virion cannot be removed (rom the crucible, place it, together with its 
cover, in the l<akcr, and tre.nt with dilute acid ns desenM 
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is colored green with manganate and the solution may be pink at first 
with permanganate but the permanganate gradually decomposes during 
the subsequent heating. After the evolution of carbon dioxide has 
nearly ceased, wash off the under side of the watch glass, raise it by 
placing a glass triangle under it, and evaporate to dryness. Heat the 
residue for at least an hour in the hot closet at 120-130°, to dehydrate 
the silica. Continue as described on p. 409. 

Effect of Fluoride. Substances containing considerable fluorine can- 
not be treated as above, for silicon fluoride will be lost by volatiliza- 
tion. Therefore it is necessary to use the old method of Berzelius. 
Extract the melt from the sodium carbonate fusion with water, as in the 
determination of fluorine (p. 398), and remove the greater part of the 
silica by means of ammonium carbonate. Filter off the precipitate, 
ignite, and weigh. 

Precipitate the silicic acid remaining in the filtrate by means of 
ammoniacal zinc solution (p. 398). Dissolve this precipitate of zinc 
oxide and zinc silicate in hydrochloric acid and obtain the silica by evapo- 
ration on the water bath as usual. As a rule, the insoluble part of the 
melt contains silicic acid, and this must also be removed by evaporation 
with hydrochloric acid. Ignite all three silica precipitates together and 
test the purity of the silica. 

Analysis op Silicates 

Orthoclase, KAlShOs 

Constituents; silicic acid (63-70 per cent); aluminum oxide (16-20 
per cent); ferric oxide (0.3 per cent); potassium oxide (8^16 per cent); 
sodium oxide (1-6 per cent) ; and often small amounts of calcium oxide, 
magnesium oxide, and in rare cases barium and 
ferrous oxides. 

Preparation of the Substance for Analysis 
Break up large pieces of rock on a thick steel 
plate with a specially hardened surface and a simi- 
larly hardened pounder, such as street pavers use. 
Place the small fragments in a “ diamond ” mortar 
or in one like that shown in Fig. 68. It is made of 
chilled and case-hardened tool steel. The dimen- 
sions of the block A are 12.5 by 12.5 by 6 cm, and 
there is a depression in the center 0.6 cm deep. The pestle B is 20 
cm high, and the diameter at the base is 3.5 cm. The cylinder C is 
12.5 cm tall and of 5-cm outside diameter accurately fitting the de- 
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pression in the block. Unlike the ordinary “ diamond ” mortar, the 
pestle has a smaller diameter than the inside diameter of the cylinder, 
which is 4.4 cm. The crushing is done with the pestle, without the 
aid of a hammer. With tliis mortar most of the sample can be 
reduced fine enough to pass through silk 
bolting cloth. 

A finer powder can be obtained by hand 
grinding in an agate mortar, but the 
McKenna ore grinder shown in Fig. 6d is 
more economical in the long run. A is a 
copper cup soldered to the head of the 
pestle holder and assumes, ^vithout friction, 
the motion of the latter. U is a tin plate 
with deep sinus and is covered by the 
rubber cloth C which fits closely about the 
metal shaft. These attachments A , B, and 
C prevent oil and dust from the belts and 
bearings from entering the mortar. The 
spring at the top of the sliding rod, to 
which the agate mortar is attached at 
the bottom, can be adjusted to give any 
thrown back to allow the pestle to be raised in removing the agate mor- 
tar. The pestle makes about 200 revolutions per minute, and the 
mortar moves slowly in the same direction. The scraper keeps the 
material in the center, and the combined rolling and sliding motion 
reduces the hardest ore very quickly. 

Do not attempt to grind too much at one time, and frequently sift 
through silk bolting cloth to prevent as much as possible contaminating 
the sample by abrasion and loss of moisture by the heat of grinding. 
Prepare at least 5 times as much sample as is needed, and make sure 
that all the powder is included; it is never admissible to take only the 
powder that passes through the sieve the first time. Mbc well by 
rolling on a sheet of glazed paper, rubber, or oilcloth. A comer of the 
sheet is lifted and drarni across, low down, in such a w’ay that the ma- 
terial is made to roll over and over and does not merely slide along. The 
sample should be rolled back and forth along each diagonal for 100 times 
or more. Then the sample may be spread out into squares and a little 
taken from each square. Finally mix the sample chosen. 

Weighing the Substance. It was formerly the practice to dry the 
powder before weighing at lOO-llO” until a constant weight was 
obtained. If there is danger of losing combined water by this procedure 
it has been recommended that the powder be dried in a vacuum over con- 



desired pressure or can be 


414 


GROUP VU OF ANIONS 


centrated eulfuric acid. The practice of drying the substance in either oj 
the above ways, however, is to be discountenanced. It is far better to use 
the air-dried substance for the analysis, and to determine the moisture in a 
separate sample. This is more accurate, because the dry silicate powder 
is hygroscopic, eo that a portion weighed out today is likely to contain a 
different amount of moisture from one taken tomorrow, and this dis- 
crepancy is avoided when the air-dried powder is taken for the analysis. 
Further, as Hillcbrand has conclusively shown, chemically combined 
water is likely to be expelled not only by heating at 100® but also by 
drying in a vacuum over sulfuric acid. This is particularly true of the 
zeolites. In orthoclasc, however, only about 0.1 per cent of moisture 
is present, so that v.ith this particular substance accurate results will be 
obtained by either method. 

For the analysis weigh out to the nearest 0-1 mg four portions of about 
0.5 g each. The first two serve for the determination of SiOa, AI2O3 + 
FesOj, CaO, and MgO; the other two, for that of the alkalies. 

Determination of Silica, Aluminum, etc. 

Weigh out 0.5 g of the air-dried substance in a spacious platinum 
crucible, dry for 1 hour at 105-107®, cool in a desiccator, and weigh. 
The difference in weight represents the amount of hygroscopic moisture. 

Mix the dry substance with 3 g of calcined sodium carbonate by 
means of a platinum spatula, and determine silica as described on 
p. 411. Treat the silica ndth sulfuric and hydrofluoric acids, as de- 
scribed on p. 410, and set the crucible with the residue of AlgOj, etc., 
aside for the present. 

Detenninarion of Aluminum and Ferric Oxides 

The filtrate from the silicic acid contains, beside the chlorides of 
aluminum, iron, calcium, and magnesium, a little platinum, from the 
crucible in which tlie fusion was made. 

To remove the platinum, heat the solution to boiling and introduce 
hydrogen sulfide. Filter off the mixture of platinum sulfide and sulfur, 
and boil the solution to expel the excess of hydrogen sulfide. Oxidize 
the iron back to the ferric state by adding bromine water and boiling 
until the excess of the latter is expelled. After this add 10 ml of 2 AT 
aramoiuum chloride solution and precipitate the aluminum, iron, etc., 
from the boiling-hot solution, by the addition of a slight excess of ammo- 
nia, free from carbonate (cf. p. 2{^). Allow the precipitate to settle, 
filter, and wash tuice by decantation with hot water. Re^^olve by 
running hot 2 N hydrochloric acid through the filter into the beaker 
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containing the greater part of the precipitate. Repeat the precipitation 
with ammonia as before, and after filtering and washing by decantation, 
transfer the precipitate to the filter and wash until free from chloride 
with water containing 2 per cent of ammonium nitrate. Allow the 
precipitate to drain as completely as possible, and ignite wet in the 
crucible containing the residue obtained from the treatment of the 
impure silica ^vith sulfuric and hydrofluoric acids. After igniting 
strongly over a good Teclu or M 6 ker burner weigh the crucible; its 
contents represent the sum of the aluminum and ferric oxides (also 
T 1 O 2 , Zr 02 , PjOs, and V 2 O 5 , if present). 

For the determination of the ferric oxide, fuse the mixed oxides 
with potassium pyrosulfate as described on p. 174. The decomposition 
is complete after 2-4 hours. Dissolve the melt in water containing a 
little sulfuric acid and determine the iron, after previous reduction 
wth hydrogen sulfide (ef. p. 172), by titration >vith potassium perman- 
ganate (cf. Chapter XV). If the weight of the F02O3 is deducted from 
the weight of FejOa + AI2O3, the weight of AI2O3 is obtained.^ Deter- 
mine the calcium and magnesium as described on pp. 263, 266. 

Testing the Calcium Oxalate Precipitate for Barium 

Although it is usually unnecessary to make either a qualitative or 
quantitative test for barium in a sample of orthoclase, yet it is likely 
to be present in traces so that it may be well to show how this can be 
done. Strontium is not likely to be found in orthoclase. On account 
of the solubility of barium oxalate in a solution of ammonium oxalate, 
the barium will rarely be found in the calcium precipitate when a double 
precipitation is made, except when it is present to an extent of more than 
3 or 4 mg.* 

To test a calcium precipitate for barium, dissolve it in nitric acid, 
evaporate to dryness, and heat for some time at 140*. Dissolve the 
calcium nitrate in ether-alcohol (p. 251, a), and examine any residue 
remaining behind in the spectroscope for barium. If barium is found, 
dissolve in dilute acid and repeat the precipitation with ammonia and 
ammonium oxalate. If no barium is found with the lime, it is by no 

* The amount of iron and aluminum can be detennined more quickly, though 
less accurately, as follows: Dissolve the moist ammonia precipitate in hot, dilute 
sulfuric acid and dilute to a volume of exactly 250 ml. After thoroughly mixing, 
remove 100 ml by means of a pipet into a beaker and place a second portion of 
the same volume in a 20O-ml flask. In the first portion determine the sum of FeaOj+ 
AljO, by precipitating with ammonia, filtering, igniting, and weighing; in the other 
portion reduce the iron by hydrogen sulfide and titrate with permanganate. 

* W. F. Ilillebrand, J. Avi Chem. Soc , 16, 83 (1891). 
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means safe to conclude that barium is absent; it can very well have 
gone into the filtrate from the double precipitation of calcium. This 
amount will be precipitated with the magnesium as barium phosphate 
unless it is removed as indicated below. 

For the quantitative determination of barium a separate portion of 
the substance should be taken (see below). 

Determination of Barium 

If the qualitative tests have shown the presence of barium, weigh 
out 2 g of the substance into a platinum dish; moisten with 10 ml of 
7 N sulfiuic acid and 5 ml of hydrofluoric acid. Evaporate the liquid 
on the water bath, with frequent stirring, until the mineral is completely 
decomposed, when sandy particles will no longer be perceptible on stir- 
ring with a platinum spatula. Frequently a further addition of hydro- 
fluoric acid is necessary. When the decomposition is complete, remove 
the greater part of the sulfuric acid by beating the contents of the dish 
in an air bath. After cooling, take up the residue in water, filter off 
the barium sulfate, and ignite wet in a platinum crucible. The pre- 
cipitate thus obtained always contains small amounts of calcium sulfaie 
which must be eliminated. To accomplish this, dissolve the residue 
in the crucible in a little hot concentrated sulfuric acid, and after cooling, 
dilute the solution with cold water. The barium sulfate is now com- 
pletely free from calcium; filter, ignite again, and weigh. 


Determination of the Alkalies 
(a) Method of J. Lawrence Smith^ 

Principle. The substance is heated -with a mixture of 1 part ammonium chloride 
and 8 parts calckim carbonate. By this means the alkalies are obtained in the form 
of chlorides, while the remaining metals are for the most part left behind as oxides 
(silicates and aluminates), and the silica is changed to calcium silicate, as represented 
by the following equations: 

CaCOj + 2NH4CI -» CaCl, + 2NH, + H»0 + CO* 

2KAlSia08 + CaCI, + CCaCO, -» 6CaSiO, + Ca(A10*)» + 2KC1 + 6CO1 

The alkali chlorides together with the excess calcium chloride can be removed 
from the sintered mass by leaching with water, while the other constituents remam 
undissolved. 

Preparation. The ammonium chloride necesary for the determination is pre- 
pared by subliming the commercial salt; the calcium carbonate by dissolving the 
purest calcite obtainable in hydrochloric acid and precipitating with ammonia and 
ammonium carbonate. Carry out thb last operation in a large porcelain dish. 


' Am. J. Sci., [2] 60, 269, and Ann. Chan. Pharm., 169, 82 (1871). 
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Vfter the precipitate has settled, pour off the clear solution and wash the precipitate 
jy decantation until free from chlorides. The product thus obtained contains 
races of alkalies, but the amount present can be determined once for all by a blank 
,est and a corresponding deduction made from the results of the analysis; it is usu- 
illy sodium chloride and amounts to 00012-00016 g for 8 g calcium carbonate, 
rhe decomposition was performed by Smith in a finger-shaped crucible about 8 

long and with a diameter of about 2 cm at the top and cm at the bottom. 
Such a crucible is suitable for the decompoation of about 0 5 g of the mineral. A 
larger quantity can be analyzed in a somewhat wider crucible. 

Filling the Crucible. Mix 0.5 g of the mineral (accurately weighed) 
with an equal quantity of sublimed ammonium chloride by trituration 
in an agate mortar, add 3 g of calcium carbonate, and intimately mix 
again. Transfer the mixture to a platinum crucible with the help of a 
piece of glazed paper, rinse the mortar with 1 g of calcium carbonate, 
and add this to the contents of the crucible. 

The Ignition. Place the covered crucible in a slightly inclined posi- 
tion and heat gradually over a small flame until no more ammonia is 
evolved (this should take about 15 minutes). During this part of the 
operation the heat should be kept so low that ammonium chloride docs 
not escape. The latter is dissociated into ammonia and hydrochloric 
acid by the heat, and the acid unites with the calcium carbonate to 
form calcium chloride. It is possible to decompose the silicate by 
using calcium chloride alone. Gradually raise the temperature until 
finally the lower thrce-fourtlis (and no more) of the crucible is brought 
to a dull red heat, and maintain this temperature for 50-60 minutes. 
Then allow the crucible to cool; the sintered cake usually can be re- 
moved by gently tapping the inverted crucible. If it cannot, digest a 
few minutes with water, which serves to soften the cake so that it can 
be readily washed into a large porcelain, or, better, platinum dish. Heat 
the covered dish with 50-75 ml of water for half an hour, replacing the 
water lost by evaporation and reducing the larger particles to a fine 
powder by rubbing with a pestle in the dish. Decant the clear solution 
through a filter and w'ash the residue 4 times by decantation, then 
transfer to the filter and wash with hot water until a few milliliters of 
the washings give only a slight turbidity with silver nitrate. To make 
sure that the decomposition of the mineral has been complete, treat the 
residue with hydrochloric acid; it should decompose completely, leaving 
no trace of undecomposed mineral. The acid usually gelatinizes silica; 
the formation of a gelatinous precipitate does not indicate incomplete 
decomposition. 

Precipitation of the Calcium. To the aqueous solution add 50 ml of 
ammonium carbonate reagent, heat nearly to boiling, and filter. Evapo- 
rate the filtrate to drjmass in a porcelain or platinum dish, heat the 
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contents of the dish for an hour in a drying oven at 110®, and remove 
ammonium salts by careful ignition over a moving flame. After cooling, 
dissolve the residue in a little water and remove the last traces of cal- 
cium by the addition of ammonia and ammonium oxalate to the hot 
solution. After standing 12 hours, filter off the calcium oxalate and 
receive the filtrate in a weighed platinum dish, evaporate to dr 3 mess, 
and gently ignite. After cooling, moisten the mass with hydrochloric 
acid to transform any carbonate into chloride, repeat the evaporation 
and ignition, and determine the weight of the dish and its contents; 
this shows the amount of alkali chloride present. 

Continue as indicated on p. 281. 

(6) The Hydrofluoric Acid Method of Berzelius 

Weigh 0.5 g of the powdered mineral into a platinum dish, moisten 
with 2 ml of water and 0.5 ml of concentrated sulfuric acid, mix with 
the substance by means of a platinum spatula, and after cooling add 
about 5 ml of pure, concentrated hydrofluoric acid. Evaporate the 
liquid on the water bath, frequently stirring with the platinum spatula, 
until no more hydrofluoric acid is expelled and no more hard particles 
can be felt at the bottom of the dish. 

Heat the dish in an air bath until the greater part of the sulfuric 
acid is removed; this is necessary to make sure that the hydrofluoric 
acid is completely expelled. It is not advisable, however, to remove 
all the sulfuric acid, on account of the danger of forming insoluble 
basic salts. Allow the mass to cool, cover with 200 ml of water, and 
digest until all the residue has gone into solution.^ Transform the 
sulfates to chlorides by precipitation with as slight an excess of barium 
chloride as possible; and then, without stopping to filter off the barium 
suKate, precipitate the aluminum, calcium, and excess of barium by 
the addition of ammonia and ammonium carbonate. Allow the pre- 
cipitate to settle, wash 4 times by decantation, then transfer to the 
filter and wash free from chloride. Evaporate the filtrate to dryness, 
heat for an hour at 120®, and remove the ammonium salts by gentle 
ignition. Add a few drops of 6 iV hydrochloric acid, and remove the 
magnesium by the Schaffgottsche method described on p. 289. In the 
filtrate determine sodium and potassium as described on p. 281. 

Remark. This method is in very ^nera! use, and the results obtained agree 
closely with those by the J. Lawrence Smith method. Many silicates, such as the 
feldspars, are readily decomposed by the action of sulfuric and hydrofluoric acids;* 

* If barium was present, it is left behind as the sulfate. 

* Many silicates can be decomposed evaporation with hydrofluoric and hydro- 
chloric acids. F. Hinden, Z. anal: Chem , 1906, 332; 
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others, such as certain specimens of tourmaline, only with difficulty. According to 
Jannasch the members of the andaluate group are not completely decomposed 
by hyrofluoric acid, but complete decomposition can be effected by strongly igniting 
with ammonium fluoride. For this purpose place the ignited mineral in a platiniun 
dish, cover with 10 ml of ammonia, evaporate to dryness, dilute with water, strongly 
acidify with concentrated hydrofluoric acid, and again evaporate to dryness. Place 
the dish in a nickel beaker and ignite quite strongly, until finally the excess of ammo- 
nium fluoride is driven off. Now treat the residue with 12 iV sulfuric acid to decom- 
pose salts of fluosilicic acid, evaporate on the water bath as far as possible, and remove 
then the greater part of the sulfuric acid by stronger ignition. From this point the 
procedure is the same as in the regular Berzelius method 

The Smith method is always applicable and has the advantage that the magnesimn 
is practically completely removed at the start. 


Determination of Silicon in Iron and Steel 

Silicon easts in cast irons and steels chiefly as a solid solution of 
FesSi in iron. In wrought iron and in some steels, a little silicate of 
Fe or ^In may be present, such as MnjSisOgj this really represents 
enclosed slag. The compound FeSi has also been identified in Fe-Si 
alloys. In cast irons, the silicon has a marked effect in causing the 
breaking down of cemcntlte, FejC, into Fc and graphite. Withincrcasing 
Si content, the graphite increases, but this effect is counterbalanced by 
the effect of S so that, roughly speaking, a given percentage of S neu- 
tralizes a definite percentage of Si. 

Although Si enters into salts as silicate ion and not as Si++++ ions, 
the free element and its compounds with iron arc oxidized very easily 
so that decomposition with any acid will cause oxidation of the Si to 
the quadrivalent state ^ith evolution of hydrogen gas. There is, there- 
fore, no loss of volatile silicon hydride when a sample of steel is dissolved 
in hydrochloric or sulfuric acid. If, however, nitric acid or other oxidant 
is used, the more powerful oxidizing agent is reduced \vithout any evolu- 
tion of hydrogen. 

FeSi -H 2H+ + 3HjO Fe++ + H^SiOj + SHj T 
Fe^Si + 4H+ 4- SHjO 2Fe++ -}- HjSiOs + 4Hj T 
SFciSi + 28H+ -f lONOr 6Fe+++ + lONO T + SHiSiOs + llHjO 

In these reactions the product is really SiOs’xHtO rather than exactly 
HjSiOj. 

The following method* is c.xcclicnt for the determination of silicon. 
Perchloric acid is used instead of sulfuric acid* because anhydrous per- 
chlorates arc easily soluble and there is no difficulty in dissolving the 

* Wllartl and Cake, J. Am. Chem. Sx., 42, 2203 (1020). 

•T. M. Drown, Trans. Am. Inst. Mining Eng., 7, 340 (1878-79). 
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salts after the silica has been dehydrated. Chromium is oxidized to 
chromic acid and remains in solution. The chief precautions are to add 
sufficient perchloric acid to keep the mixture liqmd after the nitric acid 
has been expelled and to hoil at least 15 minutes at this stage in the 
analysis- 

procedure. Treat 2.336 g of sample (5 times the factor weight) with 
40 ml of 6 AT HNOg in a 400-ml covered beaker. When the sample is 
entirely decomposed, rinse and remove the watch-glass cover and add 
40 ml of 60“70 per cent HGlOt. Evaporate to fumes of HCIOi. Replace 
the watch glass on the beaker, and heat so that the HC 104 condenses 
and runs down the sides of the beaker for 15 minutes, but do not allow 
the contents of the vessel to become pasty or solid. Cool somewhat, 
and dilute with 125 ml of hot water. Stir until the salts have dissolved, 
and crush any lumps with a glass stirring rod. Filter and transfer all 
the residue to an ashless filter paper with the aid of 0.6 N HCl, scrubbing 
the beaker wth a rubber policeman. Wash alternately with 5-nil por- 
tions of hot 0.6 N HCI and of hot water until all the iron salts have been 
removed. The washing must be done carefully as residual HCIO« may 
cause loss of material in the subsequent ignition of the precipitate. 
Transfer the paper and residue to a weighed platinum crucible, and ignite 
slowly and carefully until all the carbon is gone. Cool in a desiccator, 
and weigh the impure SiOj. Moisten the residue with 18 N HaSOi and 
add (without measuring) about 6 ml of HF. Heat inside an air bath 
until all HaS 04 fe expelled, and then heat the crucible strongly over a 
free flame. Cool in a desiccator and weigh. The loss in weight repre- 
sents the SiOs, and, when the above weight of sample is taken, this loss 
multiplied by 20 gives the percentage of Si present. 

Detennination of Ferrous Iron in Silicates and Rocks 

Place 0.5-1.0 g of the fine powder in an 80-100 ml platinum crucible, 
cover with water, and add 10 ml of 9 N sulfuric acid, cautiously if any 
carbonate is present. Add air-free hot W’atcr till the crucible is nearly 
half full. Place the crucible, with its cover on, on a triangle near a 
very low flame protected from drafts. Displace the air in the crucible by 
introducing a stream of carbon dioxide through a small tube placed under 
the cover of the crucible. In a short time the liquid in the crucible 
boils, but before this happens stop the current of gas and drop the 
crucible cover in place. From a small platinum crucible held in one 
hand, w’hile the other draws the crucible cover to one side, add 5-7 ml 
of hydrofluoric acid. Quickly replace the lid and increase the heat but 
take care not to let the liquid boil o^^r. As soon as steam issues, 
lower the flame and keep so that there is steady boiling without danger 
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of loss for about 10 minutes. Then transfer the crucible, without 
removing the cover, to 200 ml of cold, saturated boric acid solution. 

Remove the crucible with a stirring rod, rinse it out and titrate at once 
with permanganate, added rapidly until the first pink blush appears 
throughout the whole liquid. 

If an unattacked residue remmns in the beaker, filter it off and repeat 
the above treatment. 

Another method for the dclennination of the amount of ferrous iron 
present in insoluble silicates is that of Mitscherlich. The silicate 
is decomposed in a closed tube with sulfuric acid (SHjSOi’lHjO) 
under pressure, and the resulting solution titrated with potassium 
permanganate. This method usually gives good results in a silicate 
analysis, but it is worthless for the analysis of rocks containing pyrite 
or other sulfides, which on treatment with sulfuric acid are decom- 
posed.* The sulfur serves to reduce iron that was originally present 
in the ferric form, so that a high result is obtained. 

Separation of Soluble from Insoluble Silicic Acid : Lunge and Millberg^ 

Frequently a mixture of silicates is to be analyzed which is partly 
decomposed on treatment ^nth acids, with the separation of gelatinous 
silicic acid, and partly unaffected. The silicic acid deposited from 
solution by the addition of acids is soluble in 5 per cent sodium car- 
bonate solution, while quartz and feldspar are not appreciably attacked 
by the latter (cf, Vol. I), 

If it is desired to separate the deposited silicic acid from the unat- 
tached silicate (usually feldspar and quartz), treat the substance with 
acid (hydrochloric or nitric) and evaporate on the water bath until a 
diy powder is obtained. Moisten this with acid, dilute, boil, and filter. 
After washing, digest the residue with 5 per cent sodium carbonate 
solution on the water bath, in a porcelain dish for 15 minutes. Filter; 
wash the residue first with soda solution and finally with water. 

The alkaline filtrate contains the soluble silicic acid; this can be 
determined by acidifying and evaporating to dryness. The residue 
from the sodium carbonate treatment, consisting of quartz and feldspar 
is weighed. To determine the quartz, treat with sulfuric and hydro- 
fluoric acids, remove the excess of the HF by heating to fumes of sulfuric 
acid, and dissolve the cold residue in water. In this solution precipitate 
the alumina, as described on p. 148, and weigh the AbOj. If this weight 

JL. L de Koninck, Z. anorg. Chem., 2S, 125 (1901); Hillebrand and Stokes J. 
Am Chem. Soc., 22, 625 (1900); Stokes, Am. J. Sci., Dec , 1901. ’ 

* Z. angew. Chem., 1897, 393, 425. 
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is multiplied by 5.46, the corresponding amount of feldspar is obtained; 
and if this is deducted from the weight of the quartz -f feldspar, the 
weight of the quartz will be found, 

Betermination of Soluble SiUcic Add in Clay 

Clay contains, besides alumina, sand (quartz + breccia), and small 
amounts of calcium and magnesium carbonates. 

Moisten 2 g of the coarsely powdered substance, wMch has been 
dried at 120°, with water, and add 150 ml of 12 N sulfuric acid.* Cover 
the porcelain dish with a watch glass and heat over a free flame untU 
dense fumes of sulfuric acid vapors are evolved. Allow the contents 
of the dish to cool, add 150 ml of water and 3 ml of concentrated hydro- 
chloric acid, boil for 15 minutes, filter, wash completely, and treat 
the mixture of soluble silidc add, quartz, and insoluble silicate as 
on p. 421. 

Bemark. It was formerly the custom to separate the soluble silica from the 
insoluble siUca by boiling with potassium hydroxide solution. According to the 
experiments of Lunge and Millberg, however, this is not permissible because quarts 
is appreciably soluble in caustic potash solution. If, on the other hand, the sub- 
stance la obtained in a very finely divided condition, even sodium carbonate solution 
cannot be used, for the same reason. 

Analysis of Zircon- 

Zirconium occurs widely disseminated In small quantities as the refractory silicate 
zircon, ZrSiO, In the simple procedure given below, the mineral ie decomposed fay 
two successive fusions and the zirconia is precipitated by hydrolysis with thiosulfate. 

Lundell and Knowles’ have desenbed a more elaborate process, involving cup- 
ferron precipitation, arid applicable to more complex mineral mixtures. 

Procedure. Reduce the mineral to an impalpable powder, weigh 
out about 0.5 g in a tared platinum crucible, and heat strongly to deter- 
mine loss on ignition. 

Fuse the calcined mass with about 5 g of sodium carbonate in the 
covered platinum crucible over the full flame of a Teclu burner for an 
hour. Digest the cooled roelt with hot water, filter into a porcelain 
casserole, and wash the residue well with hot water. Call this residue A. 

To the aqueoi^ extract from the sodium carbonate fusion, add an 
excess of HCi, evaporate, and dehydrate the silica as described on p. 409. 
Filter off the silicious residue, and call this B and the filtrate C. 

^ Alexander Subech, Chem. J«d., 17. 

* Powell and Schoeller, AmdysL, 44, 397 {1919). 

» J. Am. Chem. Soc., 42, 1439 (1920). 
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Fuse A with KHSO 4 (p. 174), and digest the melt with 100 ml of hot 
N BiSOi. Filter off any undissolved residue, and combine the filtrate 
with C. 

Ignite this last residue together with B in a tared platinum crucible; 
determine its weight. Treat with H 2 S 04 and HF to determine the 
Si02 present (p. 410). Fuse the residue from this treatment with 
KHSO 4 , leach with 1 per cent HtSOi, and add the solution to C. After 
this last fusion, everything except SiOs should have been dissolved and 
be present in C. 

Neutralize the acid with NaHCOj until a slight permanent precipi- 
tate is formed. Dissolve this by adding a few drops of dilute H 2 SO 4 . 
Add a little ashless filter pulp (p. 151), and saturate the solution with 
H 2 S at 50®. Filter, and wash the precipitate with hot water containing 
a little NaCl. Discard this precipitate of PtS 2 and S; the purpose of 
the H 2 S treatment was to remove platinum that was introduced into the 
solution from the crucibles used in the fusions and to reduce the ferric 
iron to the ferrous condition. Nearly neutralize the filtrate with fresh 
NajCOs solution, but stop before there is any permanent darkening duo 
to FeS. Boil in a current of CO 2 to expel HzS. 

To the hot solution add 10 g of Na2Si0j*5H20 dissolved in 20 ml of 
water and continue boiling for an hour, replacing water lost by evapo- 
ration. Add filter-paper pulp (p. 151), filter, and wash the precipitate 
on a paper filter 16 times ^"ith hot water. Call the filtrate D. 

The precipitate contains ZrOaCHfOt) and possibly some AUOj and 
TiOi. Ignite it in a tared platinum crucible, and digest the oxides with 
hot NHCl; make ammoniacal and again filter, but wash the residue 
this time with dilute ammonium nitrate solution (p. 148). Add the 
filtrate to D. Ignite the residue to constant weight and weigh as 
ZrOj(+ Hf02 and possibly a little A!20i and Ti02). To determine the 
A1 and Ti in this precipitate, fuse it with 5 to 10 g of NatCOs for 2 hours 
in a platinum crucible over a Teclu burner. Leach the melt with hot 
water, and determine the A1 in the filtrate (which contains sodium 
aluminatc) by making acid and proceeding as described on p. 148. Fuse 
the ignited residue from this last Na 2 COj fusion with ICHS 04 and 
determine the Ti colorimctrically (p. 159). 

Any iron present in the mineral is contained in the filtrate D. Boil 
with a little Na-COj and Br:, and filter off the precipitate. Dissolve it 
in dilute IICl, rcprccipitatc with Nil, OH, ignite, and weigh as FcxOi. 

Analysis of Chromite 

AUlimiKh chromite {chrome iron ore) is not a silicate, it is insoluble In all acids, 
and can be brought into solution by fusion with alkali carbonates, or borates, 60 that 
its analysis will be discussed at thb place. 
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Chromite contains 18-39 per cent JfeO, 0-18 per cent MgO, 42-64 per cent CtjOj, 
0-13 per cent AI3O3, and O-ll per cent SiOt. Occasionally calcium, manganese, and 
nickel are present also. 

Of the finely powdered and boHcd mineral, fuse 0.5 g in an inclined, 
open platinum crucible with 4 g of pure sodium carbonate* for 2 hours 
over a good Teclu or M6ker burner. After cooling, leach the melt 
with water, acidify with hydrochloric acid," evaporate in a porcelain 
dish until a dry powder is obtained, moisten with hydrochloric acid, 
take up in water, and filter off the silica. Ignite, weigh, and test the 
purity with hydrofluoric acid (p. 410). Introduce hydrogen sulfide 
into the hot filtrate from the silicic acid and filter off the precipitate 
of platinum sulfide and sulfur. Catch the filtrate in an Erlenmeyer 
flask, add 10 ml of ammonium chloride, enough ammonia (free from 
carbonate) to make the solution alkaline, and a little freshly pre- 
parcid ammonium sulfide. Stopper the flask and allow the contents 
to stand over night. In the morning filter off the precipitate, wash 
twice with water containing a little ammonium sulfide, dissolve it 
in hydrochloric acid, and repeat the precipitation with ammonium 
sulfide. Determine calcium and magnesium in the filtrate as described 
on p. 240. 

Dissolve the ammonium sulfide precipitate in cold 2 N hydrochloric 
acid, filter off any residue of nickel or cobalt sulfide, and dry. Ignite 
this residue first in air, then in a current of hydrogen, and finally weigh 
as metal. It is not worth while to attempt the separation of the nickel 
from the cobalt on account of the small amount present. Expel hydro- 
gen sulfide from the filtrate from the sulfides of nickel and cobalt by 
boiling, oxidize the iron present by adding bromine, and separate the 
iron, chromium, and aluminum from the manganese by means of the 
barium carbonate method (p. 207) and from one another as described 
on pp. 167 et seg. In the filtrate from the barium carbonate precipitate, 
separate the manganese from the barium as described on p, 189, b, and 
determine as sulfide or as sulfate. 

Remark. The determination of the chromium aloneis best accomplished by means 
of a volumetric process (see Chaptm* XV}. 


^Bunsen fused the chronute with one-third as much SlOj and 6-S parts 
NajCOj and then subtracted the amount of riUca added from the total amount 
found. This makes the decompostlon take place more readily, but the author 
prefers not to add the silica on accoimt of the po^ibility of thereby introducing an 
error. 

* If a dark residue of undecomposed mineral should remain, filter it off and again 
fuse vrith 60 <fium carbonate. 
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Determination of Thorium in Monazite Sand^ 

(a) Separaiion of Thorium and Cerium by Sodium Thiosulfate 

Monazite is essentially CeP 04 with some lanthanum and didymium 
phosphates usually present. It occurs in so-called “ monazite sand ” 
mixed with thoria, quartz, rutilC; zirconia, tantalates, etc., and has been 
used as raw' material for the preparation of thoria (used in the Welsbach 
mantle). The value of a sample of monazite sand depends upon the 
amount of thorium present, and its determination is best accomplished 
as follow’s: 

Digest SO g of monazite sand in a porcelain dish with 100 ml of concentrated 
sulfuric acid for about 5 hours, or until no yellow, undecomposed grains remain. 
This treatment easily dissolves all the thoria, which determines the value of the 
sand but does not dissolve much ilmenite. It is advantageous not to get aU the 
TiOj into solution as this will interfere with subsequent work. Cool, and mix slowly 
with 500 ml of ice-cold water contained in a lifer measuring flask. Allow to stand 
over night. 

In the morning, make up to the mark, mix, and filter. Use 100 ml of the filtrate 
for the subsequent analysis If metals of the copper-tin group are present, saturate 
the solution with hydrogen sulfide, filler, wash, and beat the filtrate to expel the 
excess hydrogen sulfide. Add NHiOH and NH 4 CI to precipitate the rare earths 
with the iron-aluminum group, filter and wash the precipitate. 

Dissolve the precipitate in dilute hydrochloric acid,* adjusting the acidity so that 
approximately 0 I g of rare-earth oxide is present in CO ml of solution which is not 
over 0 5 in hydrochlonc acid. Heat the solution to 60®, and precipitate the rare- 
earth oxalates by the addition of sufTicient oxalic acid to leave about 3 g of the crystals 
in 100 cc of the final solution. Allow the solution to stand at CO® for some time, 
preferably over night. (If considerable titanium or zirconium is present, it is best 
to ignite the precipitated oxalates, dissolve in hydrochloric acid, and repeat the pre- 
cipitation with oxalic acid ) Filter off the o.xalate precipitate; wash thoroughly 
with hot water containing a little hydrochloric and oxalic acids. 

Ignite the rare-earth oxalates to form the oxides. Dissolve the oxidesin hot hydro- 
chloric acid, and evaporate the solution to dryness on the water bath. Moisten the 
residue with 5 ml of water and again dry. Then add 200 ml of water and 9 g of 
sodium thiosulfate crystals dissolved in 30 ml of water. Allow to stand over night. 
In the morning, boil the solution for 10 minutes and filter off the precipitate of 
ThfOH)* and sulfur. Wash with hot water and boil the filtrate vigorously for an 
hour to See if there is any further precipitation. If bo, filter through a fresh filter, 
wash thoroughly, and set this precipitate aside. 

Wash the main precipitate back into the original beaker with as little water as 
possible, boil with 10 ml of concentrated hydrochloric acid, and filter into a small 
evaporating dish, washing the sulfur precipitate well. Evaporate the filtrate to 
diymcss, and repeat the entire treatment irith water and sodium thiosulfate, using 


* U. S. Bur. Mines , Bull. 212. 

»The directions here given originated with Scboeller and Powell, Analysis of 
Jfincmls and Ores of the Barer Elements, 1019. 
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and a little sulfurous acid to reduce any cerium to the cerous condition, make slightly 
basic with ammonia, and filter. Wash the precipitate free from iodide, dissolve again 
in hydrochloric acid, and precipitate the thorium as oxalate by means of a large excess 
of oxalic acid as in the preceding method. Ignite and weigh as TbOj 


Water in Silicates 


The total hydrogen of any substance can be determined under suit- 
able conditions as •water; Hillebrand' has classified the hydrogen that is 
present in minerals as essential hydrogen or non-essential hydrogen. 

Essential hydrogen represents a characteristic constituent of the min- 
eral and may be present as acidic hydrogen, basic hydrogen, or water of 
crystallization. Thus the hydrogen of the minerals KH2Al3(Si04)3, 
FeHOa, and Fe3(P04)2*8Hi0 can be regarded as representing essential 
hydrogen. Non-essential hydrogen is not necessary for the characteriza- 
tion of the mineral. It may be present in a supercooled solution, it 
may be held by adsorption or occlusion as water on the walls of cavities 
or the exteriors of crystals, or it may be included as water in the cavities 
or grains of minerals. 

No rule can be laid down to enable the chemist to differentiate sharply 
between the different classes. 

If the mineral on ignition loses nothing but water, the amount of the 
water can be determined by the loss in weight. Usually, however, 
other constituents (e.g., COj, SOj, Cl, F, etc.) are lost, and the substance 
may undergo an oxidation (FcO is changed to FejOs; PbS to PbSO^, 
etc.). In such cases the procedure recommended by Jannasch can be 
used to advantage. The substance is heated with lead oxide, and the 
water vapor is conducted over a heated mixture of lead oxide and lead 
peroxide and absorbed in a weighed calcium chloride tube (see p. 40S). 

If the substance on ignition loses simply water and carbon dioxide 
the water may be accurately determined by the method of Brush and 
Penfield.^ 


Brush and Penfield’s Method 


The rock powder is heated in a hard glass tube, closed at one end, containing one 
or more enlargements to provide for the condensation of the water. For most pur- 
poses, the tube a siiown in Fig 70 is satisfaetoiy. It is 20-25 cm long and has an 
internal bore of about 0 mm If the water is expelled with difficulty, the tubes 
h and c are sometimes preferred The tube d is a thistle tube used for introducing 
the powder into the tube, and e is a tip which is placed on the open end of the tube 
during the heating to prevent diffusion of mr in and out of the tube. At the start 


* U. S. Geol. Survey, BuU. 700. 

'Am. J. Set., 131 48, 31 (1894), and^. anorg. Chem., 7, 22 (1894): Washinrtnn 
The Chemical Analysis of Rocks. 
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crack the tube. When this is accomplished and there are no longer 
any drops of water near the substance, soften the hot end by heating 
with the tip of a M6ker burner. When the tube is sufficiently soft all 
around, draw off the end containing the powder and seal the tube with- 
out allowing the flame to enter. 

Allow the tube to cool in a horizontal position, wipe dry on the outside, 
and weigh after it has reached room temperature, removing the tip 
while weighing. It is well to test the condensed wafer with litmus to 
see if it is acid or basic. After the tube has been weighed, dry with 
suction as at the beginning before the first weighing. Cool, wipe dry 
on the outside, and weigh again. The difference between the last two 
weights is the amount of total water contained in the rock pow'der. 

If the rock contains minerals like talc, topaz, chondrodite, or staurolitc, it is neces- 
sary to use a high temperature in the original heating. If constituents like SO 3 , 
S, Cl, or F are present it is necessary to add as retainer a substance such os lime, 
previously ignited and cooled. Add about 0.2 g through the thistle tube after the 
rock powder has been weighed. 

To correct for the loss of water by evaporation, assume that 0 0003 g of water is 
lost per hour. If considerable carbon dioxide is present as carbonate in the powder, 
assume that each gram of COt escaping from the tube will cause the Joss of 0.0090 g 
of water. 

Method of Gooch 

The tubulated crucible devised by Gooch is useful for the determi- 
nation of hydrogen (or water) in minerals which require a flux and a 
liigh temperature. Mix 0.5 g of the powder with 2,5 g of fully dehy- 
drated sodium carbonate (heated nearly to melting and cooled in a desic- 
cator) in the crucible C, Fig. 71. Place the crucible on a triangle, 
put the top in place; connect on one side with a calcium chloride tower 
and soda-lime tubes to free the air from moisture and carbon dioxide 
and connect on the other side with a sulfuric acid bulb-tube. If it is 
desired to determine carbon at the same time, use 10 g of fused lead 
chromate instead of the sodium carbonate as flux. Seal the top of the 
crucible by pouring pow’dcred sodium tun^tatc (free from arseme which 
w'ould ruin the crucible), or sodium carbonate, into the flanged lip L 
immerse the crucible in cold water, and melt the flux in the lip by 
the flame from a blast lamp. As soon as the flux is fused withdraw the 
flame and stopper the tubes through which air is passed. IVhen the flux 
cools, a tight joint is made as showTi by the maintenance of the height 
of sulfuric acid in the bulb-tube as it is sucked back during the contrac- 
tion of the crucible on cooling. 

Drj’ at 105® for an hour by means of an air or toluene bath while 
passing dry air through the crucible. Then connect the crucible with a 
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weighed calcium chloride tube and the tube with a weighed Ascarite 
bulb (p. 325) if the determination of carbon is to be made also. Shield 
the sodium tungstate joint from the flame by a horizontal piece of asbes- 
tos board and place a similar vertical shield between the crucible and 
the weighed absorption tubes. Connect the outer absorption tube with 



the sulfuric acid bulb to show the rate at which the gas is passing through 
the apparatus. Slacken the air stream and carefully heat the crucible 
with a free flame, beginning at the top of the rock mixture. When the 
fusion is complete, as shown by a lessening of the rate at which gas 
escapes, extinguish the flame and allow a current of air to continue 
imtil the apparatus is cold. Only a few minutes are required for 
the heating. Cool and wei^ the absorption bulb with the usual 
precautions. 

Obviously the determination can be made in a glass tube in a short 
combustion furnace. 
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Analysis of Tantalitc or Columbite* 

Tantalite and columbite are isomorphoua orthorhombic minerals containing 
tantallc and columbic acids in combination ^th ferrous and manganous oxides: 
(Ta, Cb)jOfi'(Fe, Mn)0. Tantalic acid preponcferates in tantalite; columbic acid, 
in columbite. The method given below permits the determination of the essential 
constituents of the mineral in a sample weighing 0 25 g or less. 

Grind the mineral to an impalpable powder, and fuse 0.5 g with 4 g 
of potassium bisulfate in a silica crucible. Spread the fluid melt so 
that it solidifies in a thin layer. Cool, and fill the crucible with part 
of the hot solvent (4 g of tartaric acid in 50 ml of water). When de- 
tached, transfer everything to a 400-ml beaker xtith hot water, rinse 
the crucible, and add the rest of the solvent. Stir the liquid without 
interruption until the cake has disintegrated, leaving a pulverulent 
white residue which dissolves to a clear solution when the liquid is 
subsequently heated just to boiling during constant agitation. If this 
reridue is allowed to settle, it begins to cake and adhere to the beaker, 
part of the tantalic acid becoming insoluble; in such a case, filter off 
and retreat the insoluble fraction, or begin again mth a fresh 0.5-g 
portion. 

Treat the liquid with 5 ml of 10 per cent H 2 SO 4 , and introduce HjS 
until it is cold. Stir in a little filter pulp, allow to stand for an hour or 
two, and collect the precipitate and residue. Wash with acidulated 
HjS water; gently ignite in a porcelain crucible, and weigh as SnOs plus 
silicious gangue. Determine the tin as on p. 94. 

The filtrate contains hydrogen sulfide, and the iron as ferrous salt. 
Heat it to boiling, add 30 to 35 ml of strong hydrochloric acid, and boil 
for 2 minutes (cf. Vol. I, p. 588). Allow the white earth-acid precipitate 
to settle, decant the clear liquid through an 11 -cm filter, mix the pre- 
cipitate with a liberal proportion of filter pulp, and transfer to the filter. 
With a stream of 0.2 N HCl from a wash bottle, return the precipitate 
to the beaker, stir up well, again collect on the filter, and finish the 
washing. Ignite the wet precipitate in the tared silica crucible, and 
reserve (A). 

Evaporate the filtrate from the earth-acid precipitate in a large beaker 
to small bulk, transfer to a 250-ml beaker, and evaporate to about 20 ml. 
Reduce the ferric salt with hydrogen sulfide; add a decided excess of 
strong ammonia and 10 ml of fresh ammonium sulfide solution. The 
precipitate contains all the iron and all but a few milligrams of the 
manganese. Allow to stand for 2 hours, collect the precipitate on a 
9-cm filter containing a small pad of filter pulp pressed into the apex 


* Schoeller and Webb, Analyst, 69, 669 (1934). 
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and ^ash vdth vyater containing ammomum sulfide and chloride. Ignite 
the precipitate, dissolve it in strong hydrochloric acid, and separate 
iron from manganese by the b^ie acetate process (p. 209). 

Slightly acidify the filtrate from the sulfide precipitate with acetic 
acid, boil off hydrogen sulfide, and add a fresh solution of 1 g tannin 
and 5 g of ammonium acetate. The colored precipitate consists of the 
small earth-acid fraction not precipitated by hydrolysis with hydro- 
chloric acid. Filter, wash tho precipitate with 2 per cent ammonium 
chloride solution, and ignite in tho silica crucible containing the major 
fraction (A). Leach the ignited precipitate in a small beaker with 
0.5 N hydrochloric acid, make slightly ammoniacal, collect the pre- 
cipitate, ignite strongly, and weigh as TaiOj -f CbzOs.^ For the sepa- 
ration of tantalum from columbium, the precipitate is treated as indi- 
cated on p. 224 (“Tannin Methods”: No. 4). 

The filtrate from the tannin prewpitate contains a few milligrams of 
manganese. It is best to boil it down with a large excess of nitric acid 
and 5 ml of sulfuric acid for the destruction of the tannin, tartaric acid, 
and removal of chloride. Dilute the colorless final acid solution \rith 
water, and test the liquid coloriroetrically with persulfate and silver 
nitrate (see p. 192). 


^ It is assumed that the mineral is substantially free from titania. 



PART II. VOLUMETRIC (TITRIMETRIC) 
ANALYSIS 

CHAPTER XIII 
GENERAL CONSIDERATIONS 

The fact that silver chloride is practically insoluble in water furnishes 
the basis of qualitative tests for both silver and chlorine and for the 
quantitative determination of both these elements. There are two ways 
in which this can be done. Thus the weight of the silver chloride pre- 
cipitate from a kno\Mi weight of sample furnishes sufficient data for the 
computation of the percentage of chlorine present. Such an analysis 
is called gravimetric because the computation is based upon weights. 
The second way of carrying out the analysis is to measure the volume 
of silver nitrate solution required to precipitate completely all tho 
chloride present. Then, if the concentration of the silver nitrate solution 
is knouTi, the chlorine content can be computed. This is called volu~ 
metric analysis because the result is obtained by measuring a volume. 
The process of determining the volume of reagent required to bring a 
definite reaction to completion is called titration. Many prefer, there- 
fore, to call this tiirimelric analysis. This term is loss ambiguous 
because in gas analysis volumes are measured. For volumetric or 
titrimetric analysis, accurately calibrated measuring instruments arc 
necessary. 

Measuring Instruments 

1. Burets arc tubes of uniform bore throughout tho entire length; 
they are graduated in milliliters* and arc closed at the bottom, as sho^xm 
in Fig. 72, by means of a glass stopcock, or with a piece of rubber tubing 
containing a glass bead h. The halter form was devised b}* Bunsen and 
is used as follows: Seize the tubing between the thumb and forefinger 

* Tho liter aa defined by the National Bureau of Standards represents a vol- 
ume of 1000 027 cubic centimeters. TJie onc-thousandth part of a liter is called 
the milliliter, abbreviated ml. It is almost but not quite the same as a cubic centi- 
meter, or cc. 
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at the place where the glass bead is, and, by means of gentle pressure 
at the top of the bead, form a canal at one side of the bead through which 
the liquid will run out. Instead of the glass bead an ordinary pinch- 
cock is sometimes used. 

Besides the above forms of burets, many others are in use, but it is 
unnecessary to describe them here. 

2. Pi-pets. A distinction must be made between a transfer pipet and 
a measuring one. A transfer pipet has only one mark upon it, and 
serves for measuring off a definite amount of liquid. Transfer pipets 
are constructed in different forms; usually they consist of a glass tube 
with a cylindrical widening at the middle. The lower end is drawn 
out, leaving an opening about 
0.5-1 mm wide. Pipets of this 
nature are constructed which will 
deliver respectively 1, 2, 5, 10, 
20, 25, 50, 100, and 200 ml. For 
delivering these definite volumes of 
liquid, pipets are more abcurate 
than burets or flasks. 

Measuring pipets are buret- 
shaped tubes graduated in milli- 
litem and drawn out at the lower 
end. They serve to measure out 
any desired amount of liquid and 
are obtainable with a total capacity 
of 1, 2, 5, 10, 20, 25, and 50 ml. 

3. Measwnng/fasfcs are flat-bot- 
tomed flasks with narrow necks 
provided with a mark, so that when 
they are filled to this point they 
will contain respectively 60, 100, 
200, 250, 300, 500, 1000, and 2000 
ml. They serve for the preparation 
of standard solutions and for the 
dilution of fluids to a definite 
volume. 

4. Measuring cylinders are graduated in milliliters and are used only 
for rough measurements. 

It is clear that accurate results can be obtained by a volumetric 
analysis only when the instruments used are accurately calibrated. It 
should never be taken for granted that a purchased instrument is 
correct, but it should always be tested carefully. 
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Normal Volume and Normal Temperature 

A liter, which is the volume of a kilogram of water at its maximum 
density, is taken as the normal volume. If it is desired to mark on the 
neck of a liter flask the point to which this volume reaches, the position 
of the mark depends upon the temperature of the vessel. It is neces- 
sary, therefore, to choose for the vessel itself a definite temperature, 
the so-called notmal temperature. At present the temperature of 
+20®C is taken as the normal temperature by the National Bureau of 
Standards. According to this, then, the flask should contain at 20® the 
volume that would be occupied by a kilogram of water at +4®, and as 
the kilogram is the unit of mass, the weighing should also take place in 
a vacuum. 

The following table gives the density, or weight of 1 ml of water in a 
vacuum, at different temperatures. 


DENSITY OF WATER AT DIFFERENT TEMPERATURES 


t 

Density 

1 

Density 

t 

Density 

0* 

0 099S67 

14* 

0.999271 

28*' 

0 99625S 

1 

9920 

15 

9126 

29 

0.995069 

2 

9968 

10 

8969 

30 

5072 

8 

9992 

17 

8801 

31 

5366 

4 

1 000000 

18 

8621 

82 

5052 

6 

0.999992 

19 

8430 

33 

0.994728 

6 

9968 

20 

8229 

34 

4397 

7 

9929 

21 

8017 

35 

4058 

8 

9876 

22 

0 997795 

36 

0.993711 

9 

9808 

23 

7563 

37 

3356 

10 

9727 

24 

7321 

38 

0 992993 

11 

9632 

25 

7069 

39 

2622 

12 

9524 

26 

0.996808 

40 

0.992244 

13 

9404 

27 

6538 




It is experimentally impossible to weigh water at 4® in a glass vessel 
at 20° and in a vacuum, but with the aid of (1) the above table, (2) the 
known expansion of glass with rise in temperature, and (3) the buoy- 
ancies of water and of brass when surrounded by air, it is possible to 
calculate what the weight of 1 1 of water is when weighed in the air at 
any temperature from 1® to 40®. The weights which must be placed 
upon the balance pan in order to determine the space occupied by a true 
liter of water, therefore, depend upon the temperature of the water and 
of the vessel, as well as the density of the air at the time of the experi- 
ment. The density of the air varies somewhat from day to day, depend- 
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ing upon the barometric pressure, the temperature, and the humidity. 
It usually suffices, however, to assume the average values of these 
factors, and in this way the following table has been computed to show 
the apparent weight in air with brass weights for temperatures between 
15® and 30° under 50 per cent humidity and at a barometer reading of 
760 mm. 

If the glass vessel is at 20° no other correction is necessary. The 
glass, however, expands with rise of temperature. The coefficient of 
cubical expansion^ varies from 0.000023 to 0.000028 per degree C. An 
average value of 0.000025 can be asstuned. 


APPARENT T7EIGHT IN GRAMS OF WATER IN AIR 


Temp, in 
Degrees C 

2000 ml 

1000 ml 

500 ml 

400 ml 

300 ml 

250 ml 

150 ml 

15 

1096.11 

998.05 

499.03 

399.22 

299.42 

249.52 

149.71 

16 

1995.80 

997.90 

498.95 

399.16 

299.37 

249.48 

149.68 

17 

1995.48 

997.74 

498.87 

399.10 

299.32 

249.43 

149.66 

18 

1995.13 

997.56 

498.78 

399.03 

299.27 

249.39 

149.63 

19 

1994.76 

997.38 

498.69 

398 95 

299.21 

249.34 

149.61 

20 

1994,36 

997.18 

408.59 

398 87 

299.15 

249.30 

149.5S 

21 

1993.95 

996.97 

498.49 

398.79 

299.09 

249.24 

149.55 

22 

1993.51 

996.76 

498.38 

398 70 

299.03 

249.19 

149 51 

23 

1093.06 

990.53 

498.26 

398.61 

298.96 

249 18 

149.48 

24 

1992.58 

996.29 

498.15 

398 52 

298.89 

249.07 

149.44 

25 

1992.00 

996 04 

498.02 

398.42 

298.81 

249.01 

149.41 

26 

1991.57 

995.79 

497.89 

308 31 

298.74 

248.95 

149.37 

27 

1991.04 

995.52 

497.76 

398.21 

298.66 

248 88 

149.33 

28 

1990.49 

995.24 

497.62 

398.10 

298.57 

248.81 

149 29 

29 

1989.92 

994.96 

497.48 

397.98 

298.49 

248.74 

149 24 

SO 

1989 33 

994.66 

497.33 

397.87 

298.40 

248.67 

149.20 


The expansion of water from 4® upward makes the weight of 1 liter 
of water smaller and, since water is less dense than the weights, weights 
of water in the air will always be less than they would be in a vacuum. 
If the temperature of the glass container is above 20°, the volume will 
be a little larger than it would be at 20°, which corresponds to greater 
weight, but this gain in weight is small compared with corrections 
caused by the expansion of water and by the buoyancy of the air so 
that, at the laboratory temperatures, the weight in grams is invariably 

* At first sigbt it may seem strange to consider the cubical expansion of glass in 
calibrating. If, however, we conader a cube of glass with a cavity cut in it of 10-cm 
edge, then on heating it the cavity will expand to the same extent as if the glass 
had not been cut out. We me^ure, therefore, the cubic expansion of glass which 
has been removed in order to find the change in volume of a glass measuring vessel. 
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n little fmallor tlmn the volume in milliliters. In the above table the 
T\ciKht jn air of exactly the .eix^cifietl volumes of vntcr Ls given. TIjo 
table does not take into consideration the fact tliat the measuring 
vessel expand-? and if it rend-* correctly at 20® it will contain .somewhat 
les-* at lower temperatures and pomewh.at more at higher temperatures. 
Thus a pl.as.s volumetric flasfc which holds exactly 1000.00 ml at 20® will 
lioUl 1000.2.J m\ at 30®, ami this quantity of water will weigh 901.02 g 
in the air in«tc.ad of 091.GG g as given in the table. The difference 
iK'twoen the weight 001.02 and the volume 1000 ml is o.OS, and, when 
the fla'-k is r.nlihmted correctly within 1 ml of the .s|>ccificd volume, wo 
ran get the exact volume, within 0.01 ml, by adding the value fi.OS to 
tbe xveigbt of tbe water when the tem^>eraturc is 30®. 

The following lahlo is convenient for testing gK^^s apparatus which 
Is calihrntcsl with the preci-ion to Ik? exi>ected when purch.ascd from 
reputnhlo dealer*. It gives values to add to the weight of the water 
in grams to get the miml)cr of milliliters whicli the gto measuring 
vessel indicate-^ at 20®. 


vouj.Mi: or oni: i.iTini prom rirn nxiciiT or w.trnn is air 


Temp. 

.tdd 

1 Trmp 

Add 

j| Trmp. 

Add 

Temp. 

Add 

l.V 

2 07 

' 10 0 

2 <1% 

jl 

21 0 

3 10 

27 0 

4.31 

i:> r, 

2 13 


2 7.1 

li 

2.1 r, 

3 .V) 

27. r» 

4.43 

10 0 

2 2fJ 

1 20 0 

2 X2 


21 0 

3 f.l 

2S 0 

4 M 

to r, 

2 27 

' 20 0 

2 1»1 

1] 

21 r, 

3 72 

2 s r> 

4 G9 

17 0 

2 31 

21 0 

3 00 

1 

2.* 0 

.1M 

29 0 

4 82 

17 0 

2 41 

21 

3 10 


2.'i 5 

3 05 

29 r> 

■m 

IS 0 

2 4n 

2J 0 

MUJ 


IV, 0 

4 W 

so 0 


IK 0 

2 ^7 

2J 

3 29 

_ 

20 2 

1 IS 


■1 


Tlii* t.nble pan l>e ti'e^l 01*0 for Kiting other volumes («urh as that of a 
.V»gml fia‘1,, .a IfKVml <ir n •Vbml piiK-t, %\hen llie jjrt»}>ortionafc 
frnrijnn nf ibo aU)vr v.abi*'s ih i.*iVen. Tlni-* in tilting a buret by weigh- 
ing IO-rn1 I'ortioti’t, .add *!)»’ nl*o\o v,a!ur-< in ctnlignims to the weight in 
gnrns, and ilic rum will ?how ih** volume in milliliters. 

Calibration of a Durel 

.\ ! urTt wdl re* drr.irj pm;v*t!y iin!/-*- it in fb.'^n on the inrifje fo thst 
x;‘j1 < J !;•••:: I rMl ad!.*.*c t«i tl.*- fid*'' wh'-n ll.'’ l.-'juM i« with- 

dr.i-rtTi. “Oifirg n.” n.v!*' fnen j^it-vrim di'hrurnnle and 

<■» 1, i* h*rclrr.t.j:-g lurt-*,- and 0:1)--? gLv< 












438 


GENERAL CONSIDERATIONS 


apparatus. Dissolve 2 g of potassium dichromate in 5 ml of water, 
heating until all the salt has dissolved, cool the solution, and add slowly, 
while stirring, about 65 ml of concentrated sulfuric acid.^ Consider- 
able heat is evolved on the addition of the acid to the water. Fill the 
buret with the hot chromic acid solution, and allow it to stand 15 
minutes or longer. Since this cleaning solution attacks rubber, it k 
best to remove the rubber tubing from the end of a Mohr or plain buret 
and force the end into a medium-sized cork stopper. Place a beaker 
under the buret while it is standing with the cleaning solution in it. 

After 15 minutes, let the solution run out and rinse the buret at 
least four times with water. Then test to see if water drains freely 
without leaving drops adhering to the sides; if not, the cleaning process 
must be repeated. The cleaning solution can be kept and used 
repeatedly. It should be warm but not boiling hot when being used. 
Before pouring the used cleaning solution do^vn the sink, remember to 
start the water running freely so that the acid \vill be largely diluted and 
will not attack the piping. 

Remove the stopcock of the glass-stoppered or Geissler buret, wipe 
it dry, and also wpe the inside of the ground joint in the buret. Smear 
the surface with stopcock lubricant,* and replace in the buret. Fasten 
the stopcock in place with some No. 24 copper wire. 

Fill the buret with distilled water, making sure that the water extends 
to the very tip of the stopper vdth no air bubble there. To remove 
the air from a plain buret, raise the tip so that it is above the bottom of 
the glass cylinder and allow water to run out from the upturned tip ; the 
lighter air tends to flow upward. The buret is now ready to be cali- . 
brated. Drain out water so that the upper level is close to the zero 
mark. 

Weigh a 50-ml, flat-bottomed, narrow-necked flask to the nearest 
centigram. The outside of the flask must be dry, but it is not necessary 
to have the inside dry or cleaned with chromic acid solution. It is a 
waste of time to read the weight closer than to the nearest centigram, 
because one cannot read the buret closer than to the nearest O.OI ml, 

* Cleaning solution contsuning 15 g KsCrjOj or Na,CrjO? in 500 ml of concen- 
trated sulfuric acid is efficient for cleaning glassware. It should be kept in a glass- 
stoppered bottle and handled with care as it makes holes in clothing If spilled it 
should be ffiluted with water and neutralized before being sponged up. Spilled 
concentrated acid should never be allowed to remain unneutralized on the floor or 
working bench. 

* Vaseline can be used as lubricant but is a little thin. Lvbriseal, sold by the 
A. H. Thomas Co. of Philadelphia, is better. A good lubricant can be made by 
melting together, on the water bath, 16 parts of Vaseline, 8 parts of pure gum rubber, 
and 1 part of paraffin. 
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and rapid 'weighing is advantageous to avoid error due to evaporation. 
Record the weight in the notebook. (See p. 440.) 

Read the buret to the nearest 0.01 ml, and record the reading. Check 
each weight and each reading after setting them do^vn in the note- 
book. In reading the buret, it is best to read the bottom of the menis- 
cus, except wth dark-colored liquids like potassium permanganate 
solution, in which case the top of the meniscus should be read. It is 
important that the eye should be directly opposite to the point read. If 
the eye is above the meniscus, the reading will be too high, and if the 
eye is too low the reading will be low. To avoid such parallax errors, 
the Bureau of Standards has asked the makers of burets to make the 
lines complete circles; the position of the eye is correct when the circle 
nearest to the bottom of the meniscus appears to be a straight line. 
When all the lines arc circles, it is a little confusing to some eyes, so that 
many chemists prefer to use burets in which the lines of graduation do 
not extend very far and with lines of different lengths so that one can 
readily distinguish the whole and half milliliter lines. In such coses, it is 
well to take a strip of blue glazed paper with a straight and smooth 
edge. Wrap this strip around the buret evenly, with the colored edge 
on the inside. If the paper is placed about two divisions below the bot- 
tom of the meniscus, the eye will be level when the inside blue of the 
paper just comc-s into view. The blue also serves to make the tip of the 
meniscus appear a little darker and more sharply defined. 'With a little 
practice, one can easily learn to estimate the e.xact position of the 
meniscus within 0.01 ml. 

After reading the buret, drain out 10 ml of water into the weighed 
flask, stopping as closely as possible to the 10.00 mark but not wasting 
much time trying to get it exactly there because there \vill be a slight 
drainage while the weighing is being made. 

Then, without stopping to make an exact reading of the buret, weigh 
the flask and its contents to the nearest centigram. After this read the 
buret and allow' water to run into the flask until the 20.00 mark is 
reached, continuing in this way until the buret has been drained to the 
lowest calibration mark. Record the weighings in the notebook accord- 
ing to the plan on p. 440. 

Wlicn ihe calibration is finished, fill the buret again and repeat the 
work. In tlic second testing the corrections for each 10 ml sliould check 
with the first within 0.02 ml. From the average values, make a plot 
using one division of vertical distance on the paper to represent 1 ml 
of buret reading and each division of horizontal distance to represent 
0.01 ml of correction. Then, on the plot, the total distance from the 
base line will show the correction to be applied for any given rcacling 
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buret calibration, temperature 25'’ 


Weights 

Difference 

Buret 

Readings 

Difference 

True 

Volume* of 
Each 
Portion 

Correction 
for 10 ml 

Total 

Correction 

20.62 

30 50 

9.98 

0.01 

9.96 

9.95 


+ .07 

-1-.07 

40.52 



9.99 

10.06 


+ .14 

50.47 

9.95 

29,93 

9.98 

9 09 

-f-.Ol 

+ .15 

60.39 

9 92 

39.91 

9. OS 

9.96 


+ .13 


10.01 

49.85 

9.94 


+.11 

+.24 


• The table on p. 437 ahowa that the correction to be added to the weight of 1 1 of water when weighed 
in the air at 25^ is 3 83 S For 10 ml (^{oo liter) the correction will be 0 03S3 g. Since the buret 
cannot be read to less than 001 ml, the correction used is 0 Of g. For very accurate wort, weight burets 
are xiaed in which the stoppered buret ia weighed at the start and finish of each analysis. With euch 
a buret the analysia can be made more accurately: eee p. 44D. 


of the buret. Many burets are obtained today which are calibrated 
so accurately that there is no need for applying buret corrections, par- 
ticularly if one always makes a practice of beginning at about the zero 
mark with every standardization and in every analysis. It is not safe, 
however, to assume that a buret is correct ^vithout testing it. 

Instead of calibrating the buret in the manner just described, many chemists 
prefer to start each time at the zero point, rehlling the buret after each withdrawal 
of 10, 20, 30, or 40 ml of liquid. Others prefer to calibrate by causing the water to 
flow through a carefully calibrated small pipet, reading the buret after each with- 
drawal of a pipetful of water. 


Calibration of a Buret with a Calibrating Pipet 

Clean the calibrating pipet, P, in Fig. 73, with cleaning solution, 
and attach it to the tip of the cleaned buret and to another glass stop- 
cock, Sz. The connections at A and B should be made by pressing 
the glass ends into thick-walled rubber tubing until the glass edges of 
the buret tip and of the pipet side arm make a glass-to-glass connection. 
Clamp the buret and the pipet rigidly in position (the clamps are not 
shown in the drawing). Fill the entire apparatus, from above the zero 
mark of the buret to the tip of stopcock iSj, with distilled water at room 
temperature. Manipulate the two stopcocks Si and Sz until the 
meniscus stands exactly at the zero mark in the buret and at the upper 
mark C in the pipet. Take care to dislodge all air bubbles. Place a 
weighed, 50-ml, narrow-necked flask, which has been weighed to the 
nearest 0.01 g, underneath stopcock jSg, open this stopcock, and care- 
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fully draw off water until the meniscus is at the mark D; during this 


operation stopcock is kept closed. 

Now carefully open opcock Si of the bsturet 
and allow water to flow from the buret to the 
pipet until the meniscus just reaches the up- 
per mark C in the pipet. Close stopcock Si s 
and read the bottom of the memseus in the 
buret to the nearest 0.01 ml; record this read- 
ing in the notebook. Repeat these operations 
of draining the water down to the mark D in 
the pipet, filling from the buret to the point 
C, and recording the buret reading in the 
notebook until, after 10 withdrawals, the 
buret reading is close to the 50-ml calibration 
mark. 

Weigh the flask and its contents, and take 
the temperature of the water. To illustrate 
the calculations, assume that the temperature 
was 25® and that the weight in air of the total 
quantity of water drawn off was 49.62 g. From 
the table on p. 437 we find that the difference 
between the weight in grams and the volume 
in milliliters is 3.83 for 1 I. For 50 ml it is 
3.83/20 = 0.19. The actual volume of water 
drawn off is, therefore, 49.62 + 0.19 = 49.81, 



and each pipetful represents 4.98 ml. The 
data can be tabulated as follows: 
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Calibration of a Pipet 

Clean the pipet wth cleaning solution, but take care not to suck any 
of the chromic acid into the mouth. To avoid this, attach a piece of 
rubber tubing to the pipet and apply suction through this tubing. 
Rinse out the pipet with water. Suck up distilled water to a point 
above the graduation mark, quickly pljMie the forefinger over the top of 
the tube, and allow the level of the water to fall until the bottom of the 
meniscus coincides with the graduation mark. Then allow the contents 
of the pipet to run into a w'cighed flask; hold the pipet in a vertical 
position all the time. As soon as the pipet is empty, touch the tip to 
the inside surface of the flask and withdraw it. Do not wait for another 
drop to form and do not blow into the pipet. From the weight of the 
water, determine the volume of the pipet as in the calibration of a buret. 

Calibration of a Flask 

Flasks are sometimes calibrated both for content and for delivery. 
To teat the calibration for delivery, clean and weigh the delivered water 
exactly the same as for burets and pipets. 

To test the calibration for content: Clean carefully and dry the flask 
both inside and outside. Allow it to come to room temperature and 
weigh the empty fiask. Then fill with water up to the mark and weigh 
again. 

To calibrate an unmarked fiask, preferably one having a narrow 
neck, clean, dry, and weigh (or tare* carefully). Then place the proper 
weight on the balance pan and add water until equilibriiim is again 
restored. Note the place on the neck where the bottom of the meniscus 
comes. 

Place the flask upon a level surface and fasten a piece of gummed 
paper with a straight edge around the neck of the fiask so that its upper 
edge is just tangent to the deepest point of the water meniscus. Empty 
the flask, dry, cover its neck with a uniform layer of beeswax, and allow 
to cool; this vaually requires about 15 minutes. Then hold the flask, 
as is shown in Fig. 74, against the piece of wood s, place the blade of a 
pocket knife firmly against the upper edge of the thick paper ring, and 
revolve the flask through 360® around its horizontal axis; in this way a 
circle is cut in the wax layer. By means of a feather place a drop of 
hydrofluoric acid^ along this circle while holding the flask in the hori- 

* 'Ihe word tare is used to represent a counterpoise which may or may not be 
weights. If weights are used, it Is not necessary to record the values. 

* Hydrofluoric acid produces painful bunts. If any of the acid gels on the fingers, 
wash them well with water at once. The acid does not smart, or sting, at first 
because it has anesthetic properties. 
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zontal position. By turning the flask around its axis, allow the drop 
of hydrofluoric acid to act upon the glass where the wax coating has 
been cut. After 2 minutes wash the excess of hydrofluoric acid off, diy 
the neck of the flask by means of filter paper, heat until the wax melts. 



and wipe it off. Remove the last traces of wax by rubbing ivitb a cloth 
wet wth alcohol. 

If flasks or burets arc to be tested in largo numbers it is bettor to use 
a volumetric method. Thus for testing flasks at the Bureau of Stand- 
ards a series of volumetric standards has been made up, each standard 
having a capacity slightly less than that of the flask it is intended to 
test. ^Mien the water from the appropriate standard is delivered into 
a flask, the flask is filled nearly to the graduation mark. The filling is 
then completed by means of a finely graduated buret. The capacity 
of the flask is found from the known volume delivered by the standard 
and the additional volume delivered by tlie buret. The flask standard 
and the buret arc tliom^selvc-s calibrated by weighing the water delivered. 

For the same purpose, Morse and Blalock derised a set of standard 
bulbs as shown in Fig 75. In calibrating these bulbs it is nccessarj’ to 
determine, with the aid of the table on p. 437, the capacity from 
the single mark to the first stem dhision and the capacity of the stem 
for the smallo.st subdivi«5ion. 

In using this Morsc-BKalock apparatus it is not ncccssaiy to p.ay 
any attention to the temperature after the calibration is once made 
Ik'c.'ul'c, if the temperature of the water is constant during the work, 
the volume of the fla‘'k or buret vnll correspond to tliat of the cali- 
brating vessel. ^ 

To calibrate a standaixl bulb, find clean it with soapy water and then 
with clirome-Milfuric mixture as de<cril>c<I on p. 437. Place the bulb so 
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that the graduated stem is at the bottom as shown in Fig. 76. Use 
a glass stopcock for controlling the outflow, and the tip of the outflow 
must be restricted so that the outflow is not over 50 ml per minute. 


Fill the bulb' to the upper mark. "VS^th the stopcock wide open allow 
water to flow into a weighed flask until the first 


division (zero) is reached. Stopper the flask 
and weigh. With the aid of the table on 
p. 437 compute the volume of water and ca- 
pacity of the bulb. Adjust the liquid again to 
the zero mark, place a smaller weighed flask 



Fxg. 75. 



Fig. 76. 


under the delivery tube, and allow the stem to drain from the zero 
mark down to the bottom mark. Weigh and compute the volume of 
each scale division with the aid of the data given in the tables. From 
these data compute the proper mark on the stem to which the water 
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should fall in order to make the apparatus deliver the desired volume 
of water and check this by trial. 

For a more accurate calibration of the buret, 2-ml portions may be 
withdrawn or, by means of the standard tube shown in Fig. 76, the 
value of each milliliter or any fraction may be determined. 



To calibrate a buret, set up the 
apparatus as shown in Fig. 77. 
Thereservoirmust be hi^erthan 
the top of the buret, and this, in 
turn, must be placed so that the 
lowest graduation is higher than 
the bulbs. With the three-way 
cock b closed, open the cock a 
and fill the buret with water. 
Clc«e a and open 6 so that the 
2-mI and 3-ml bulbs can fill, 



then drain the buret to the zero mark and the bulbs to that mark 
on the stem of the 2-ml bulb winch represents exactly 2 ml. This 
leaves the bulbs properly moistened. Leave the buret cock open. 
Turn cock h and measure 5 ml of water from the buret into the small* 
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bulbs. Obsen^e the position of the meniscus upon the stem of the 3-ml 
bulb and calculate the true capacity of the first portion of the buret 
from the values of the stem divisions as determined in the calibration 
of the bulbs. 

To calibrate a flask, place the flask under the delivery tube and allow 
water to run into it from the Morse-Blaloekbulb (Fig. 78) until the proper 
mark on the stem is reached and mark the position of the 
water in the neck aa described on p. 442. 

For very accurate work, weight burets are desirable 
(Fig. 79). These are stoppered and weighed after each 
titration. It is possible to weigh a solution more accu- 
rately than to read its volume, but as a rule the end point 
is not accurate enough to warrant this extra bother of 
weighing. 

Concentration of Solutions. Calculations of 
Volumetric Analysis 

Volumetric analysis is based upon the measurement of 
volumes, but it is necessary to Imow the strength of the 
reagent used to accomplish a given reaction. The strength 
of a solution is determined by its concentration or the quan- 
tity of reagent in a given volume. A solution of silver ni- 
trate reagent may be prepared by dissolving 25 g of solid 
silver nitrate in water and diluting the solution to 1 1. 
The concentration of the well-mixed solution can be ex- 
pressed by saying that it contains 25 g of silver nitrate 
per liter, or 25 mg per ml. This method of expressing 
concentrations in weight per unit volume is a very common 
one. Sometimes the concentration is expressed in weight 
of solute per unit weight of solvent. Thus, the silver nitrate solu- 
tion just referred to will contain 25 g silver nitrate in 997.2 g of water 
at 20®. 

In expressing the concentration of aqueous solutions of gaseous sub- 
stances such as NH3 or HCl it is common practice to say that the solu- 
tion contains a certain percentage by weight. Thus the table at the back 
of the book shows that hydrochloric acid of 1.2 density contains 39.11 
per cent HCl by weight. This means toat 1 ml of the HCl solution 
weighs 1.2 g and contains 1.2 X 0.3911 g of dissolved HCl. In this 
particular case, the table gives the values on a vacuum basis. 

Sometimes mixtures of two liquids are said to contain a certain per- 
centage by volume of one of them. Thus, if 25 ml of pure alcohol is 



Fig. 79 
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diluted T\*ith water to make 100 ml of solution, the mh-ture can be said 
to contain 25 per cent of alcohol by volume. 

The physical chemist usually finds it convenient to express concen- 
trations in moles per liter, the designation mole (German moT) meaning a 
molecular weight in grams. A solution containing 36.40 g of HCl per 
liter is called, therefore, a motor solution.* This designation is also 
applied to ions in solution; a solution is said to be molar in hydrogen 
ions if it contains 1.008 g of H+ per liter. 

Sometimes the molecular weight of a substance may be in doubt. 
Thus one chemist may write the formula of mercurous chloride as HgCl 
and another chemist may prefer HgiClj. To avoid misunderstanding 
of this nature, some chemists make use of the term formal solution to 
represent one formula weight in grams per liter and give the formula of 
the substance. 

There are other ways in which concentrations can be expressed using 
other units of mass and of volume. Thus the mass can be expressed in 
grains, ounces, pounds, or tons and the volume in pints, quarts, gallons, 
or cubic feet. 

The value of 1 ml of jsolution in terms of any substance with which 
it reacts is often called the titer of the solution. Tins is another way 
of c-xpressing concentration.s. 

For the purposes of volumetric analysis none of the above methods of 
expressing concentration is entirely satisfactory. If we say that 1 ml 
of HCI solution contains 0.4003 g of dis-'^olvcd HCl, it is a rather tedi- 
ous problem in mental arithmetic to decide exactly liow much NaOH 
it uill neutralize. It involves the knowledge of the molecular weights 
of HCl (3G.4G) and NaOII (40.01). Wc can cany out such a compu- 
tation and find, for example, that I ml of the HCI solution will neutralize 
0.4G93 X 40.01 ^ 3G.4G *= 0.5151 g of NaOH. This value expresse.s 
the concentration of the acid solution in tenns of NaOH and is lielpful 
if the acid is to bo used for tlic sole purpose of annb'zing samples of 
NaOII. Another computation i.s ncces.<«r}' to find out the strength 
of the solution with respect to any other sub.'.tanco ^\^th ^\hich itvill 
react. 

The most convenient method, however, of e.xpre.'^ing the concentra- 
tions of solutions for the purposes of volumetric analysis is uith refer- 
ence to equivalent weights. 


' A solution contnininRonc mole In lOOQcof f>oIvcnt « often called a mofaf solution. 
TJin distinction lietwren n riaiar and a motal solution is emphaaiied by some and 
dUrepardwl by oilier 
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Nonnal Solutions 

By a normal solution is understood one which contains 1 gram equivalent 
of the active reagent dissolved in 1 1 of solution.^ By gram equivalent is 
meant the amount of substance equivalent to 1 gram atom (1.008 g) 
of hydrogen. One milliliter of a normal solution contains one milli- 
equivalent of active reagent. For convenience in computation the con- 
centrations of solutions used for volumetric purposes are expressed 
in terms of their normality; that is, a solution is 2 normal, 0.5 
normal, 0.1 normal, etc. The letter N is used as an abbreviation 
for normal. 

The gram equivalent, or weight required to make a liter of normal 
solution, depends upon the nature of the reaction involved. It often 
happens that the same solution has a certain normal concentration 
when used for one purpose and a different normal concentration 
when used for another purpose. The reagents used in volumetric 
analysis are acids, bases, oxidizing agents, reducing agents, and pre- 
cipitants. 

The equivalent weight of an acid is determined by the number of 
replaceable hydrogen atoms in the acid molecule. Thus, to make a 
normal solution of the monobasic hydrochloric, hydrobromic, hydriodic, 
nitric, or acetic acids, it is necessary to have a molecular weight in 
grams (I moZe) of the acid dissolved in a liter of solution. To make 
i liter of normal solution of the dibasic sulfuric acid only mole of the 
acid is necessary. 

Sometimes, however, it is not convenient to react vith all the replace- 
able hydrogen atoms of an acid. In fact some acids are so weak that 
they cannot be used in. volumetric analysis. Carbomc acid, for example, 
has no appreciable effect upon methyl orange, and only 1 of the 2 
hydrogen atoms in HaCOs is acid toward phenolphthalein. 

Phosphoric acid, H3PO4, really has 3 replaceable hydrogens, but 
only the first is acid toward methyl orange and 2 hydrogen atoms are 
acid toward phenolphthalein. In titrating with methyl orange as in- 
dicator, phosphoric acid acts as a monobasic acid and the normal 
solution contains 1 mole per liter. With phenolphthalein as indicator, 
phosphoric acid acts as a dibasic acid and % mole per liter will make a 
normal solution of phosphoric acid. 

1 It is important to note that a normal solution is not properly defined as one 
containing a gram equivalent in i 1 of solvent. In volumetric analysis the unit 
is always referred to the volume of the solution. The gram equivalent will often be 
referred to as the equivalent weight of a substance. The equivalent weight will 
always refer to 1 1 of solution and the nnlUequivalent to 1 ml. 
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A normal solution of a base will contain 1 mole of replaceable hydroxide 
per liter. Thus of potassium hydroxide, KOH, sodium hydroxide, 
NaOH, and ammonium hydroxide, NHiOH, 1 mole per liter makes a 
normal solution. Of barium hydroxide, Ba(OH)2, calcium hydro^dde, 
Ca(OH)2, and strontium hydroxide, Sr(OH)2, only mole per liter is 
required. Magnesium hydroxide is not appreciably soluble in 
water, but it is convenient to use the conception of normal solu- 
tion to determine how much will be dissolved by an acid solution 
of known strength. One liter of normal hydrochloric acid will dis- 
solve mole of Mg(OH)2. 

Salts of weak acids and strong bases have a basic reaction. With 
methyl orange as indicator, 1 mole of sodium carbonate reacts with 
2 moles of hydrochloric acid; hence, the equivalent weight is mole of 
sodium carbonate. With phenolphthalein, however, the end’ point is 
reached when 1 mole of sodium carbonate has reacted with 1 mole of 
hydrochloric acid ; in this case the normal solution will contain 1 mole of 
sodium carbonate per liter. One molecule of borax, Na2B407, reacts 
with 2 molecules of hydrochloric acid when methyl orange is the indi- 
cator. If, after this neutralization, considerable glycerol, CsH{(OH)i, or 
some mannitol, C6H8(OH)c, is added, one molecule of sodium, hydroxide 
is required for each atom of boron in order to make the solution neutral 
to phenolphthalein. 

The equivalent weight of an oxidizing agent is determined by the 
change in polarity which the reduced clement experiences. The polarity 
of an element is the sum of the positive and negative valence bonds 
which it has in a compound; it represents the state of oxidation. Usu- 
ally the polarity is the same as the valence except that a positive or 
negative sign is prefixed, but sometimes, as is true of the nitrogen atom 
of an ammonium salt, there is a difference. Nitrogen in the ammonium 
radical has a valence of 5, but four of the bonds are negative toward 
hydrogen atoms and the fifth bond is positive toward the acid ion 
of the amnionium salt. The polarity of nitrogen in an ammonium 
salt is —3 and it corresponds to the same state of oxidation as 
ammonia, NHj. 

When potassium permanganate is used as an oxidizing agent, the 
manganese drops to a lower polarity. In permanganate the polarity of 
the manganese atom is +7, and, in most reactions used in volumetric 
analysis, the manganese is reduced to manganous salt in which the 
manganese has a polarity of +2: 

Mn04' + 5Fe++ + 8H+ — » Mn++ + SFe-*-*-*- 4- 4H2O 
2Mn04' + lOr + lGH+-»2Mn-H- + 51; + 8H1O 
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A normal solution of potassium pciroanganate, therefore, -vvill contain 
% mole of KMn 04 because tho atom of manganese loses 5 positive 
charges in changing from a polarity of +7 to +2. 

Sometimes, however, the manganese of potassium permanganate is 
reduced only to the quadrivalent state. Thus a hot, nearly neutral 
solution of a manganous salt can be made to react wth permanganate as 
follows: 

2 Mn 04 " 4- 3Mn-H- -j- 2 H 2 O -> SMnOa + 4H+ 

In this case the manganese atom in permanganate loses only 3 charges 
and, strictly speaking, a normal solution of permanganate should con- 
tain only % mole of the reagent, but permanganate is usually standard- 
ized by a reaction in which it is reduced to manganous salt. Throughoul 
this hook, therefore, a normal solution of permanganate will refer to one 
containing mole of KMnOt per liter, and 2MnOi~ mil be regarded as 
10 equivalents. 

Potassium dichromate is often used as an oxidizing agent. In it 
each chromium atom has a polarity of -f 0, and by reduction 2 trivalent 
chromio ions are formed. There is a loss in polarity of 3 charges for 
each chromium atom, and a normal solution of potassium dichromate, 
KgCrsO?, ^vill contain Ye mole.* 

CraOr + 6Fe++ -f 14H+ 2CrH-i- + 6Fe+++ + THjO 
CraOr + 61" + 14H+ ^ 2Cr^ 4- 3 I 2 + TH^O 
CraOr- 4- 3Sn-H- + 14H+ 2Cr+++ 4- 3Sn++++ + 7 H 2 O 

CraOj- 4- 3 H 2 S 4- 8H+ 2Cr++*- 4- 3S d-TH^O 

A solution of a ferric salt ia sometimes used as a mild oxidizing agent. Thus, it 
will oxidize the iodide anion 

2Fe-H-»- + 2r = 2Fe^ + I* 

In this case, the oxidation depends upon the reduction of the ferric ion to the ferrous 
condition, and the equivalent weight of a ferric salt is the molecular weight divided 
by the number of Fe atoms in the molecule of the ferric salt. 

Solutions of ceric salts have been highly recommended for replacing potassium 
dichromate and potassium permanganate in titrations. The oxidizing effect of the 
quadrivalent cerium cation depends on the reduction of the cerium to the trivalent 
condition. The ceric cation, is reduced to Ce"*"*^ about as easily as MnO< 


^ The valence of an ion containing more than one element is the algebraic sum of 
the polarities of its constituents. Except in peroxides, oxygen has a polarity of —2 
in its compounds. The polarity of the chromium can be determined from the charge 
of the ion and that of the oxygen. The same is true of the permanganate ion or of 
any other complex ion. Thus, in CtjOt the chromium must have a polarity of 
+6 if each atom of oxygen has a polarity of —2, in order to get a charge of —2 on 
the Cr» 07 ~~. 
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U reduced to Mn"*^. Ceric solutions are more stable than permanganate solutions, 
but the end point in a titration is not so easy to find. Usually it is best to determine 
the end point potentiometrically or with the aid of a colored substance that changes 
color when oxidized, such as diphenylamine or dlphenylaminc sulfonic acid. 

Ce++++ 4. Fe++ = Ce+++ + Fe+++ 

It is quite likely that the is present in a complex rather than as a simple ion. 

The equivalent weight of a reducing agent is determined in like man- 
ner by the gain in polarity which the oxidized element experiences. 
Ferrous salts are oxidized to ferric salts, and the iron is changed from -f 2 
to +3 in polarity. A normal solution of ferrous sulfate, FeS04*7H20, 
or of ferrous ammonium sulfate, PeS04‘(NH4)2S04‘6H20, will contain 
1 mole of either salt per liter. 

As precipitants, the normal solutions are referred to the simplest 
type of salt in which each constituent has a valence of 1. Thus, of 
sodium chloride, NaCl, and of silver nitrate, AgNOj, a normal solution 
will contain 1 mole per liter. Of sodium sulfate, Na2S04, barium 
chloride, BaCU, and magnesium sUlfate, MgS04, a normal solution wll 
contain K niole per liter. 

If potassium dichromate is used os a precipitant in the following 
reaction 

CrjOj- + 2Ba++ -f 2C2H302" + HjO 2BaCr04 + 2HC2Hs02 

the normal solution w-ill contain M mole per liter. 

Oxalic acid and the acid oxalates arc used sometimes as acids and 
sometimes as reducing agents. Oxalic acid, H2C204*2H20, has 2 re- 
placeable hydrogens when titrated against alkali wth phenolphthalein 
as indicator, and its normal solution as an acid contains ^ mole per liter: 

H2Cs 04 + 2Na0H-»NaEC204 + 2 H 2 O 
' or 

2H+ -f 20H" -» 2H2O 

Oxalic acid also reacts with permanganate in accordance with the 
follo^ving equation: 

5C2O4" + 2Mn04“ + 16H+-^2Mn++ + 8H2O -f 10CO2 

From the fact that the normal solution of permanganate contains K 
mole per liter, it is clear that the equivalent weight of oxalic acid as a 
reducing agent is H mole, just as when acting as an acid. In this case 
how’Gver, the reducing pow'er has nothing whatever to do with the 
hydrogen-ion content of oxalic acid, for the above reaction takes place 
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in the presence of a mineral acid. The valence of carbon in oxalic 
acid is 4, and the structural symbol, leaving out the water of crystal- 
lization, is written thus: 

0=C-0-H 

I 

0=C-0-H 

This structural symbol shows that 3 valence bonds of each carbon 
atom are positive toward 2 atoms of oxygen but one bond of each carbon 
atom is neutralized by a valence bond of the other carbon atom. The 
effective valence of each carbon atom is therefore -f 3 toward 0 or OH. 
It becomes +4 when oxidized to CO 2 . When oxalic acid is heated 
alone, HaO, CO, and CO 2 are formed, and thus, without oxidation, bi- 
valent and quadrivalent carbon atoms appear which correspond to the 
above assumption of an average polarity of +3. 

That the equivalent of € 204 *' is wole is also shown by the fact that 
the oxidation can be expressed by the equation 

CjOi 2$ — SCOj 

in which e represents the unit charge of the electron. 

Potassium acid oxalate, KHC2O4, can be used as an acid 

KHC 2 O 4 + KOH KsCiO, + H 2 O 

in which case the equivalent wdght is 1 mole of KHC2O4, but as a 
reducing agent the reducing power is due to the oxalate anion and a 
normal solution vniX contain only K mole of KHC 2 O 4 . A solu- 
tion of I 5 HC 2 O 4 wHch is normal as an acid will be 2 N as a reducing’ 
agent. 

Potassium tetroxalate behaves similarly. As an acid it has 3 replace- 
able hydrogens and the equivalent wdght is H mole: 

KHC 204 -H 2 C 204 - 2 H 20 4- 3NaOH KNaCsO* + Na2C204 + SHjO 

As a reducing agent, potassium tetroxalate has two C204~ groups and 
the equivalent weight is K mole. If a solution of potassium tetroxalate 
contains 1 mole per liter, it is 3 iV ^ an acid and 4 iV as a reducing 
agent, and the same relation holds at all concentrations. 


Preparation of Normal Solutions 

The reqvured amount of substance should be dissolved in water 
and diluted to a volume of 1 1 at 20®. Often, however, the water is 
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not at the normal temperature, so that it is customary to dissolve the 
substance in water at the laboratory temperature and then dilute the 
solution up to the mark in a liter flask. After the solution is thoroughly 
mixed its temperature is taken by a sensitive thermometer. If the 
temperature is above 20°, the volume of the solution would be less than 
1 1 if it were cooled to exactly 20°, so that the solution as made up is a 
little too strong. The following table shows how to correct for the 
temperature effect : 


TEMPERATURE CORRECTION FOR VOLUMETRIC SOLUTIONS 


Capacity of Apparatus in Milliliters at 20*0 


Temp, of 
Measure- 

2000 

1000 

500 

400 1 

300 1 

250 

150 

ment, ®C 

Correction in Milliliters to Give Volume of Water at 20®C 

H9ii 

+1 54 

+0 77 

-1-0.38 

-1-0.31 

-l-O 23 

+0.19 

+0.12 



+0 64 

+0 32 

+0 26 

•fO.19 

+0.16 

+0 10 



+0 50 

+0 25 


-bO 15 

+0.12 

+0 07 

^B 


+0 34 

-1-0 17 

-bO 14 






+0 18 

-1-0.09 

-bO 07 






-0 18 

-0.09 


-0.06 

-0 05 

-0 03 



-0 38 

-0.19 

-0.15 

-0.12 

-0.10 

IBiltJ 


-1 18 

-0 59 

IBISI 

-0.24 

-0 18 

-0 15 

-0 09 

24 

-1 61 

-0 81 

-0 40 

-0 32 

-0.24 

-0 20 

-0.12 

25 

-2 07 

mm 

“0.52 

-0 41 

-0 31 

-0.26 

-0.15 

20 

-2 54 

-1 27 

“0 64 

-0 51 

-0 38 

-0 32 

-0.19 

27 

-3 03 

-1 52 

-0.76 

-0 51 

-0 46 

-0 38 

-0 23 

28 

-3 55 

-1 77 

-0 89 

-0 71 

-0 53 

-0.44 

-0.27 

29 

-4 OS 

-2 04 


-0 82 

-0 61 

-0 51 

-0 31 

30 

-4 62 

-2 31 

-I 16 

-0 92 

-0 69 

-0 58 

-0.35 


(This table shows the correction to various observed volumes of water, measured 
at the designated temperatures, to pve the volume at the standard temperature, 
20°C. Conversely, by subtracting the corrections from the volume desired at 
20°C, the volume that must be measured out at the designated temperature in order 
to give the desired volume at 20‘’C will be obtained. It is assumed that the volumes 
are measured in glass apparatus having a coefficient of cubical expansion of 0.000025 
per degree centigrade. The table is applicable to dilute aqueous solutions having 
the same cocQicicnt of expansion as water.] 
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For the following standard solutions more accurate results will be 
obtained if the numerical values of the above corrections are increased 
by the percentages given below : 


Solution 

Normality 

N 

0.6 AT 

0.1 JV 

HNO, 

50 

25 

6 

HjSO« 

45 

25 

5 

NaOH 

40 

25 

5 

KOH 

40 

20 

4 ' 

HCl 

25 

15 

8 

HjCjOi 

30 

15 

3 



40 

25 

5 


Standardization of Solutions 

If the reagent to be used in a volumetric analysis is known to be pure, 
it is best to prepare the standard solution as outlined on p. 446. Fre- 
quently, however, it is better to determine the concentration by testing 
the strength of the solution agmnst some other substance known to be 
pure. Thus the strength of an acid solution can be determined by 
weighing out some carefully purified sodium carbonate and determining 
exactly how much of the acid solution is required to neutralize this weight 
of pure sodium carbonate. In this case the acid solution is said to be 
standardized against sodium carbonate and sodium carbonate is called 
the standard substance. Evidently, if the acid is a normal solution, each 
milliliter of solution wll neutralize exactly 1 milliequivalent of the 
standard. The normal solution not only contains 1 milliequivalent of 
the active reagent in 1 ml but also it will react mth 1 milliequivalent of 
other substances. In any standardization, therefore, if g is the weight 
of standard taken, ml is the number of milliliters of solution required 
to react with this weight of standard, and e is the milliequivalent weight 
of the standard used,* then the normality of the solution (or the number 

of milliequivalents in 1 ml) is — = N. Usually this is sufficient 
mix e 

because the weight of substance that reacts with 1 ml of the standardized 
solution can be found by multiplying the milliequivalent weight of the 
substance analyzed by the value N. Sometimes, however, it is better 

^ On p. 452, e was used to represent a tmit of electricity, namely, a unit charge of 
96,500 coulombs on a gram equivalent or 96,5(X} -5- (6.06 X 10“) coulombs or the 
actual atom or radical. Throughout the bool4 the italic letter e will be used in both 
ways, but this should not caiise confuson. 
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to make the solution exactly normal, half-normal, or tenth-normal. 
To do this it is best to prepare the solution a little stronger than desired 
and then dilute it with water until the desired concentration is obtained. 
Then, if N is the normal concentration originally obtained, N’ is the 
desired normality, V is the original volume taken, and V' is the volume 
after dilution, N "X. V = N' y. V' and U' = (JV X Y' — V is 

then the volume of water to be added to the volume V. 

In volumetric work it is often desirable to have two solutions of 
reagents, one having the opposite effect to the other. Thus, in work- 
ing vith an acid, sometimes too much is added and it is convenient to 
have a standardized solution of a base at hand to neutralize the excess 
acid. It is not necessary to standardize the second solution inde- 
pendently, but it is important to know the relative strengths of the two 
solutions. 

If a ml of solution A are equal in strength to h ml of solution B, then 
1 ml of A » h(a ml of B and 1 ml of B = a/6 ml of A. If solution A is 
A^-normal, then solution B is (a X N)/h normal. If, on the other hand, 
the solution A is knoxMi to bo W-normal and solution B is kno\vn to be 
Jl/-normal, then tlic relative strcngtlis arc: 1 ml of solution A « N/M 
ml of solution B; 1 ml of solution B « M/N ml of solution A. 

General Method of Computing Results 

Let ml represent the volume in milliliters of ALnormal solution 
required to react with $ grams of a substance of Avhich the millicquivalent 
wciglitisc; then 

mlxN XeXlOO 

per cent 

s 

In the analysis of sodium carbonate, molecular weight lOQ.O, completely 
neutralized by hydrochloric acid, the value of c is 0.0530 and the result 
obtained by the al>ovc formula will be the percentage of NajCOj in the 
sample analyzed. If it is desired to c.\prc.ss the result in terms of NasO, 
moloc\ilar weight 02.0, the value of e w 0.0310. Or it may bo dosired to 
find the percentage of COj in the sample on the assumption that notliing 
cI.<o ()ut Na-COi i-s present that will react with tlic acid used. In this 
c.a«e the value of c is 0.022, In using the above formula, therefore, it is 
necessary’ to U-ar in mind that the \'alue of the millicquivalent should 
1 k! in terms of the sul)stancc desired. The value ;Y X c is called the 
tiler of tfic solution witli respect to the subctancc of wliich e is the milli- 
equivalcnt weight. Thus c for Na-O is 0.0310 g, and /or 0.5 A’' HCJ the 
liter in terms of XaiO is 0.5 X 0.031 “ 0.0155 g NajO, wJUch means 
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Sometimes, it is desirable to avoid computations in. technical work 
and it is convenient to weigh out a sample such that the buret reading 
will ^ve the percentage desired (cf. p. 17). This will always be true 
if the weight of sample is 100 X iV X c, as inspection of the above 
equation will show. Or, if the weight of sample is 50 X JV X e, then 
the desired percentage will be found by miiltiplying the ml used by 2. 



CHAPTER XIV 

ACmiMETRY AXn> ALKALIMETRY 


The useful reactions of ana!3i,icftl chemistry are those which tahe place 
practically completely in a given direction. Such reactions are those in 
which a slightly ionized substance is formed, an insoluble precipitate is 
obtained, a gas is evolved, or there is an oxidation of one substance at 
the expense of another. The law of chemical mass action applied to a 
reaction of the typo A + R C + D tells us that a reaction may be 
expected to go to completion if one of the products, cither C or Z>, is 
removed as fast as it is formed, and this happens when the substance is 
not ionized, is insoluble, or is a gas. The reason that the reaction 
NaOH 4* HCl = NaCl + HjO takes place in dilute solutions is that 
water is ionized but slightly and, from the standpoint of the electrolytic 
dissociation theory, the reaction of neutralization is really 

H+ + 0H-*=H,0 


This is shown by the fact that the heat evolved by the reaction in dilute 
solution is practically the same irrespective of the nature of the ions that 
were originally combined wth the H+ and OH" provided that the 
original acid and base arc both ionized almost completely.' 

The ma'is-action law, applied to the ionization of water, tells us that a 
state of equilibrium axists wlicn 


(IM X [0H"1 

IHiOl 


= a constant 


In thaso mass-action expressions, a symbol written inside a bracket 
signifies a concentration expressed in moles per liter. In the case of 
water, the concentration of the non-iomzod HjO is not changed appreci- 
ably as a result of ionization at room temperatures, and its concentration 
is enormous comp.iretl to the concentration of its ions; the above expres- 
sion can be simplified, therefore, by saying (H+J X {OH"J == A'«, « 
1.0 X 10"** at 21*. This expression is of fundamental importance, 
st.atcs tliat in any aqueous solution the concentration of hydrogen ions 

• .Mwt ions arc hydratwl. For this reason, Bomc textbooks insist on the use of 
the ion, 11,0*, in place of the hydrogen ion, II*. IIiO* also has been 

called the oxonium Ion. 
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(expressed in moles per liter) multiplied by the concentration of the 
hydroxyl ions present (also expressed in moles per liter) always equals 
1.0 X 10““ at 24°.^ Since 1 mole of H"*" and 1 mole of OH“ are formed 
from each mole of ionized water, it is evident that, in absolutely neutral 
water, the concentration of each of these ions is 1.0 X 10“^ at 24°. 

Very small numbers such as these are handled conveniently with loga- 
rithms. Since the cologarithm, or negative logarithm as it is often called, 
is the logarithm of the reciprocal of a number, it can be used equally well. 
Usually we multiply two numbers by adding their logarithms, but we get 
the same answer if we subtract the negative logarithm of one from the 
logarithm of the other. Similarly, the value a/h can be found by adding 
the negative logarithm of 6 to the logarithm of a. If c is the concentra- 
tion of ions, log 1/c or —log c is called the pH or hydrogen exponent 
of the solution. Pure water at 24° has pH = 7, pOH = 7, and pi?„ = 
14. This pH concept is widely used. In general, if the pH exceeds 7 
the solution is more basic than water, and when pH < 7 it is more acidic 
than water. 

Since in any solution at 24° [H+] X [OH'] = 1.0 X 10"“, it is clear 
that the concentration of the OH’ is known as soon as the concentration 
of the H+ is stated. In all cases pH + pOH = 14 at 24°. 

Logarithms. Almost every reader of this book will have wed logarithms in con- 
nection with the study of algebra or trigonometry, but there may be some who have 
forgotten how to use logarithms with respect to expressions like log l/IH+J. 

A logarithm of a number expresses the number as a power of some other number 
known as the base. Logarithms to the base 10, called common logarithms (Briggs), 
are used to simplify calculations; the expression log a always means the logarithm 
of the number a to the base 10 unless otherwise stated. If the number in question 
is an exact power of 10, it is easy to find the logarithm, as the following table shows: 


Number 1,000 100 10 1 0.1 0.01 0.001 

Exponential form 10» 10* 10^ 10» 10"* 10"* lO"* 

Logarithm 3 2 1 0 —1 —2 —3 


A logarithm is said to have two parts, the charaderistic and the mantissa. The 
characteristic is a whole number which is written to the left of the decimal point in 
the logarithm, and the mantissa is the decimal fraction which is written to the right 
of the decimal point. The characteristic is used to locate the decimal point, and the 
mantissa gives the significant digits of the number. A simple example will explain 
this, using the niimber 25 with various positions of the decimal point. 


Number 2500 250 25 2.5 0.25 0 025 0.0025 

or 25X10* 2.5X10* 2.5X10 2.5 2^X10"* 2.6X10“* 2^X10"* 

Logarithm.... 3.3979 2.3979 1.3979 0.3979 1.3979 2 3979 3.3979 


* The ionization constant of water, Km varies from 0.12 X 10”** at 0® to 73 X 10"** 

at 100®C. pKw varies from 14.92 to 12.14. 
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the denominator, it is evident that the cologarithm of a number is found by subtract- 
ing its logarithm from zero. Thus the log of 2 = 0.3010, and its cologarithm is 
1.6990 (the log of 0 5 which is the reciprocal of 2). The mantissas of these colog- 
arithms (usually called cologs) can be written directly from the values in the table by 
subtracting each digit from 9 except the last on the right (other than 0) which is sul> 
tracted from 10. In a series of multiplications and divirions it is often advantageous 
to use the cologarithms because adding the cologarithm has the same effect as sub- 
tracting the logarithm and the series can be carried out by a single addition of all the 
values. Cologarithms are sometimes called negative logarithms because they are 
obtained by subtracting the logarithms from 0. 

Finding pH Values. From what has just been said, it is e^^dent that pH values 
represent the cologarithms of hydrogen-ion concentrations expressed in moles per 
liter. If the hydrogen-ion concentration is an even power of 10, the pH value is 
at once apparent. Thus pH « 7 means that the hydrogen-ion concentration is 
10”’’ mole per liter. What will be the pH of a solution containing, let us say, 0.000023 
mole of H'*' per liter? The logarithm of 0.000023 is 5.36, and the cologarithm is 4 64.^ 
To find pH values corresponding to solutions containing less than 1 mole H"*" per liter, 
express the moles per liter as a whole number between 0 and 10 multiplied by 10 
to a negative power. Then, if this number is a X 10“*, look up the logarithm of 
a in the table to two significant figures (or take it from a slide rule), and subtract this 
value from b. 

Conversely to find the concentration in moles of H'*' per liter to correspond to 
pH 4.64, subtract 4.64 from 0.00 and get 5.36, look up the number corresponding 
to 0.36 ( B 2.3), and write 2 3 X 10*** as the desired number. 

A perfectly neutral solution has a pH value of 7. If the pH value is 
smaller than 7, the solution can be said to be more acidic than pure water, 
and if it is larger than 7 it is more basic. Another way of expressing 
this is to say that a solution is acidic if it contains more hydrogen ions 
per unit volume than are present in pure water and basic if it contains 
fewer hydrogen ions. It is well known that acids and bases vary greatly 
with respect to their ionization in aqueous solutions. The relative 
strength is shown by a comparison of the ionization constants.® 


* This is easily seen by expressing 0.000023 as 2.3 X 10~®. Then 
1 10 ® 10 * 

— — — and log — = 10* — log 2.3 S 00 — 0 36 =» 4.64. 


form- 


2.3 X 10“* 2.3 “ 2.3 

* The mass-action law applied to the ionization of a weak acid takes the general 
[H-*! X (A-] 

[HA] 

basic acids are usually ionized to different degrees with respect to each replaceable 

^ . [H+] X (HjPO*"] 

hydrogen atom. The primary ionization constant of HiPO* is ^ . = 

[HjrUd 


which h is called the vmieaivm constant. Dibasic and tri- 


, [H-*] + (HPO«-] 


[HiPOrj 
» 3 6 X 10-«. 


2.0 X 10“»; 


1.1 X 10“’; the secondary ionization constant is 
[H+] lPO«"'"] 

and the tertiary iomzation constant is 

J 

The value 3.6 X 10““ for the tertiary iomzation of phosphoric acid shows that the 
presence of a considerable quantity of HPO4” in an aqueous solution does not increase 



ACIDIMETRY and AiaCALIMETRY 


461 


When a strong acid, like hydrocliloric acid, is neutralized with a 
strong base, such as sodium hydroxide, the reaction takes place practi- 
cally completely as soon as exactly one equivalent of the base has been 
added. There is no appreciable hydroij'sis of the salt formed, and flic 
end point takes place at pH = 7. It is a different matter when a weak 
acid like acetic acid is neutralized nith sodium hydroxide. In this case 
the sodium acetate as it is formed tends to repress the ionization of the 
imneutralized acid, and when, finally, a quantity of base equivalent to 
the original acetic acid has been added, the pH of the solution will be 
distinctly higher than 7, In the same way, when sodium acetate is dis- 
solved in water, the solution will show* pH >7. If a weak base like 
NH4OH is neutralized with a strong acid like hydrochloric acid, the 
final solution will show a pH distinctly less than 7. 



Titrttion of 0 1 AT nCl Titration of 0 1 lICilIjO, TitratlonofO 1 
frith 0.1 AT NaOn frith 0 1 A/ NaOIl with 0.1 

Fia. 80. 


The curves of Fig. 80, obtained by mcasurcmont of the wni:)"-' 
of a hydrogen electrode during a titration, illustrate th'iW" - 
curve for the titration of the hydrochloric acid with so-ir" 
shows a marked change produced by a very little bfc»-* . 
point is reached. This may be taken as the halfway jr- ■*: _ ^ 

vertical line and corresponds almost exactly to pH T t , 
the titration of the acetic acid shows a distinct ri^eln -r', ^ 

end point is reached, and the halfw'ay point of thf- 


very much the concentration of the hydrc^cn ion.s pres'^nto.--' 
n.*? a result of the ionization of water itself. 

The mas^-action law applied to the ionization of a . 
does not give a useful vdue because, if the ioniz&ti'r 

value of the ionization constant^i^ 05 . 

stants, therefore, it h customaly ' »t of th" * . 

number is enclosed in bracketi t K n' t 

of the ma-ss-action law. / 
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at a pH > 7. The third curve shows an indistinct end point, although 
the solution is neutral with pH = 7 when an equivalent of base has been 
added. The indistinct end point is due to the fact that the ionization 
of both acid and the base is slight in the presence of their neutral 
salt; as a result, ammonium acetate is hydrolyzed appreciably in 
aqueous solution. 

From what has just been said four conclusions can be drawn: (1) the 
end point of a titration of an acid with a base does not always coincide 
with pH —7] (2) a good end point cannot be obtained if both the acid 
and the base are weak; (3) when a weak acid is titrated with a strong 
base, the end point occurs at pH > 7; and (4) when a weak base is 
titrated with a strong acid the end point occurs at pH < 7. 

INDICATORS 

The indicators used in acidimetiy and alkalimetry are dyestuffs 
which are of one color in acid solutions and another color in basic solu- 
tions. They are, as a rule, weak acids, though some of them are 
weak bases. It has been found that in organic compounds the color 
can usually be traced to a particular arrangement of atoms called a 
chromophor. The change in color, therefore, is caused by a slight re- 
arrangement of the atoms in the molecule. Thus, if the salt of an indi- 
cator acid is yellow and on treatment with acid it turns red, the change 
in color is due to the fact that, when the indicator acid is liberated by 
the action of the stronger acid, the molecule undergoes a slight change in 
the way the atoms are linked together and thereby loses temporarily 
the ability to ionize as an acid. It is not sufficient, however, to assume 
that this change of color is caused solely by the fact that the ions have a 
color other than that of the undissociated molecule; on the contrary, it 
has been shown in certain cases that the ions have the same color that 
the undissociated molecule has before the rearrangement of the atoms in 
the molecule has taken place. On the other hand, as regards the proper 
use of indicators it is necessary simply to bear in mind how salts of weak 
acids behave in the presence of stronger acids and how the acids them- 
selves behave in the presence of alkali. 

By means of electrometric tests it is possible to determine the hydrogen- 
ion concentration at which any indicator changes color. Indicators are 
known which change at different concentrations of hydrogen ion, and 
for any special case an indicator should be chosen which wU change 
color as nearly as possible at the hydrogen-ion concentration correspond- 
ing to the saturation point of the acid and base used in the analysis. 

Indicators may be classed as neutral when they change color at about 
pH 7, sensilive to adds when the transition interval is distinctly greater 
than pH 7, and sensitive to bases if they change color at values distinctly 
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hclou- pH 7. "With nh<fol«toh’ pure water, containing no dissolved CO», 
the first class show the transition lint, the second class show their acid 
colors, and the third show their basic tints. In other words, water is 
neutral to the first, acid to the .second, and basic to the third class. 
Water saturated with COj under a pressure of 1 atmosphere of (his gas 
has a 7)11 of about 3.7 at 23® ; water in contact with a normal atmosphere 
oontaininR about 0.03 per cent by volume of CO* has a pH of about 5.7; 
and carefully prepared conductivity water has a pH close to 7. 

Innumerable organic compounds containing acid or basic groups 
change color at definite conccnirntions of H'*’, and it is possible to select 
indicators so that a fairly 010*50 estimation of the pH can be made from 
pH 1 to pH M. The following table shows the color-change inter^'als 
of some of the most-iL'icd indicators. Some indicators, like thymol 
blue, have two transitions !)ccaiise of the presence of more than one 
group sensitive to acid or base. 


COLOn-CIIANGE INTEHVALS OF CEUTAIK ACID-DASB 
INDICATOnS AT 25* 


Chemical Name 

Trade N’ame 

Color Change 
Acid*Dasc 

pll Hangc 

TliymoNtilfonplitlialein 
Diphraj Iamino-;»-t)cn«cne 

Tliymol blue 

nod-yellow 

00 

e« 

ei 

potliuin rulfonate 

Tropoolin 00 

nod-yellow 

1.3- 3.0 

Dittu tlij l'>mtnoazobcnrcno 
Trtmljrojiioplicnobulfon* 

Methyl yellow 

Kod-ycHow 

2.0- 4.0 

plitti.’ilcin 

Ditni til} I.iininoazolx'nzcnc 

IJrorooplienol blue 

Yellow-purple 

3.0- 4.6 

NKiiuti) fiilfnnatc 
Tctrabromoplirnol-m-cre* 

Methyl oranRc 

ned-orange-ycUo^e 

3.1- 4.4 

e^iWuIfunplitlialcin 
/‘■Dinv tli\ I.iniino.iroljrn* 

Umtn<KTes<pl crecn 

Yellow -blue 

3 0- 5.4 

zrnfw*s‘ariKit>lic and 

•Mctlo 1 rtxl 

Itcil-ycIIow 

4.2- 6 3 

I)jr!ilort»«ulfonp!itli.'iJcm 

l)ilinimnt}iyinoI«ulfon* 

C*hlon)pIirnol re<l 

Yellow-red 

4.8- 0.4 

phthnl* tn 

Ilri>molhy»nol blue 

Yellow-blue 

6 0- 7.0 

iVirnfil'fJ/rrnpJith^Jnn 

I)ifric ilij Mnmlndplirnitinc 

I’henol ml 

Yel/oR-red 

0 4- 8.0 

tlilonde 

Neutral rwl 

lletbyellow-o range 

6 8- 8.0 

ri.(’ff*»il‘u!fonplitliaInn 

rj-Crr«>l puqde 

Yellow -purple 

7.4- 0.0 

*nj\niol*\iifo.np!iUiriIrm 

Tliyinfd blue 

Yrllow-lilue 

8 0- 0.0 

n.riv.fj filf.ftlrin 

llpejiolphtlialriti 

Culorlf^vretl 

8.0- 0.8 

111 ) rnoli l.Ui'vlnn 
\a Mlt i.f ;‘-r.jira!inine- 

niyin'dphtbnlciu 

C<Jotle*.t-bluc 

0.3-10.5 

afrt'jxllrjllf nrf.j 

Alizarin yellow 

Yellow .\ioIft 

10 1-12.0 


Huii.ahir indu-ntor Milutinns cont.nm 0 0.3-0.1 g of the solid in 100 ml 
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dissolved in water. Methyl yellow, neutral red, phenolphthalein, and 
thymolphthalein are soluble in 90 per cent alcohol. The sulfonphtha- 
leins dissolve in water after an equivalent quantity of sodium hydroxide 
has been added to form the water-soluble sodium salt. Triturate 0.1 g of 
the powder with the following volumes of 0.1 N aOH : thymol blue, 2.15 
ml; bromophenol blue, 1.5 ml; bromocresol green, 1.45 ml; methyl red, 
3.7 ml; chlorophenol red 2.35 ml; bromothymol blue, 1.6 ml; phenol 
red, 2.85 ml ; cresol purple, 2.6 ml. Dissolve in water and dilute to 100 ml. 

It was stated onp. 462 that some indicators changed color at pH values 
distinctly below 7 and were sensitive to weak bases, others changed at 
about pH 7, and others changed at pH distinctly greater than 7. This, 
however, does not mean that the indicators themselves are acid, neutral, 
or basic in such a grouping. Some indicators contain both acid and 
basic groups in their molecules. Methyl orange, which changes color at 
pH 3. 1-4.4, is an acid which is stronger than acetic acid; phenolphthalein 
is an acid comparable in strength to boric acid ; methyl orange is sensi- 
tive to bases, and phenolphthalein to acids. Methyl yellow is a weak 
base with ionization constant 1 X 10"“. As a general rule, the fact 
that an indicator is sensitive to bases and changes color at a pH below 7 
indicates that the indicator itself is either a relatively strong acid or a 
weak base. Some writers call methyl orange a weak base and others 
classify it as an acid. The dimethylominoazobenzene sulfonic acid itself 
is distinctly acidic for the SO3H group is much stronger as an acid 
than the substituted amino group as a base, but the sodium salt of 
dimethylaminoazobenzene sulfonic acid behaves like a weak base. It 
is a base in the sense that any salt of a weak acid, like sodium acetate 
for example, is a weak base, and, as a matter of fact, the Bronsted defini- 
tion of acid and base does make the acetate ion a base. It is idle, there- 
fore, to argue whether the different indicators are themselves acids or 
bases. Many of them are weak acids which are present as sodium salts 
in the indicator solutions. 

It is sometimes desirable to have at hand solutions of definite pH 
values. These so-called buffer solutions can be prepared from carefully 
standardized 0.2 N HCl, 0.1 N HCl, 0.1 N NaOH, and 0.1 M solutions 
of potassium acid phthallate, monopotassium phosphate, potassium 
chloride, and boric acid. To prepare 100 ml of the last four solutions, 
dissolve separately 2.042 g KHC^ 404 , 1.362 g ICHaPOi, 0.746 g KCl, 
and 0.62 g H3BO3 in water, dilute each solution to exactly 100 ml in a 
volumetric flask, mix, and store in glass-stoppered bottles. To prepare 
solutions of definite pH mix these solutions in accordance with the fol- 
lowng table.^ 

1 W. M. Clark, The DelcmiTiation of Hydrogen /ons, 3rd cd., 1928. 



COMPOSITION AND pH OF CLxVUK AND LUBS DUFFRR MIXTURES 
AT 20” 


Composition 


pH 


48 5 ml 0.2 HCl + 25 ml 0.2 N KCl diluted to 100 ml . 
32.25 " 

20.75 ' 

13.15 ' 

8.3 
53 

3.35 " 

46 70 ml 0.1 N IICl + 50 ml 0.1 


1.0 

1.2 

1.4 

1.0 

1.8 

2.0 


M KnC,H .04 diluted to 100 ml. 


39 00 
32.95 
26.42 
20.32 

14.70 
990 
597 

2.63 

0 40 ml 0 1 
3 70 
7.50 
1215 
17 70 
23 85 
29 05 
35 45 
3985 

43.00 
45 45 

5 70 mi 01 
8 60 
12 60 
17.80 
23 65 

29.63 ml 0.1 N NaOil + SO ml 0 1 A/ KII,PO, diluted to 100 ml 

35 00 

39 50 
42 80 

45 20 

46 80 

2 61 ml 01 

3 97 
590 
8 50 

12 00 
16 30 
21.30 

26.70 

32.00 

36 85 

40 80 
43.90 


... 20 
... 28 
.. 30 

... 32 

... 3.4 

.. 36 

AT NttOH + so ml 0 1 KIICtH.O* diluf od to 100 ml 4.0 

4.2 
.. 44 

4C 
.. 48 

. 5.0 

5.2 
.. 5.4 

.. 5.6 

.. 5.8 

0.0 

N NaOII 4- 50 ml 0 1 M KlI,PO« diluted to 100 ml C.O 

... 6.2 
0.4 

. 60 
. 6.8 

7.0 

7.2 
7.4 

. 7.0 

. 7.8 

8.0 
78 
80 

. 8.2 
.. 84 

.. 86 
. 88 
90 
.. 92 

.. 9.4 

.. 96 

.. 9.8 

• . 10.0 


N NaOH + 50 ml 0 1 A/ IIjBO, diluted to 100 ml . . 
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Mixed Indicators. An indicator which has one color in an acid 
solution and another color in a basic solution does not show a pro- 
nounced sharp color change at a definite pH but there is a gradual 
changing of the color over a transformation range. Thus methyl 
orange is changing color from pH 3.1 to 4.4. A sharper transformation, 
and one that is easier for most eyes to detect, can be obtained if some 
dyestuff is added of a color complementary to one of the indicator 
colors. Such mixed indicators have been often proposed* though not 
much used. Especially useful is a mixture of 1 g of methyl orange and 
1.4 g of xylene cyanole FF in 1 1 of 50 per cent ethyl alcohol. The 
color is green in a basic solution and magenta in an acid solution. The 
mixture is neutral gray at pH 3.8. 

For a rapid and approximate determination of the pH a so-called 
universal indicator can be used. Universal indicators are mixtures of 
dyestuffs so chosen that the mixture assumes a different color at each 
different unit of pH. Thus Kolthoff has recommended a mixture of 15 
ml 0.1 per cent dimethylaminoazobenzene -h 5 ml of 0.1 per cent methyl 
red 4- 20 ml 0.1 per cent bromothymol blue + 20 ml of 0.1 per cent 
phenolphthalein + 20 ml of 0.1 per cent thymolphthalein. The colors 
obtained when 0.1 ml of the imxture is added to 10 ml of the solution to 
be tested are: rose at pH 2.0; reddish orange at pH 3.0; orange at pH 
4.0; yellow-orange at pH 5.0; lemon-yellow at pH 6.0; yellow-green at 
pH 7.0; green at pH 8.0; blue-green at pH 9.0; and violet at pH 10. 
Such mixtures can be purchased but are not very accurate. 

The indicator most used in quantitative analysis are methyl orange, 
methyl red, and phenolphthalein. 

1. Methyl Orange 

By methyl orange,* Lunge,* who first proposed the use of this indicator, 
imderstood either the free sulfonic acid of dimethylaminoazobenzene or 
its sodium or ammonium salt. 


» M. Scholtz, Z. Eleklrochem., 10,549(1904); Luther, Chem.-Ztg., 31. 1172 (1907); 
Ivirsclmik, Chem.-Zlg., 31, 960 (1907); A. Cohen, J. Am. Chem. Soc., 44, 185 (1922); 
Hickman and Linste^, J. Am. Ckem. Soc,, 121, 2502 (1922); Lizius, Analyst, 46, 
355 (1921); F. H. Carr, Analyst, 47, 196 (1922); G. Simpson, J. Ind. Eng. Ch^m., 
16, 709 (1924); I. M. Kolthoff, Saure-Base IndtccUoren; Kolthoff-Rosenblum, Acid 
Base Indicaiors. 

* This dyestuff has been known commercially as helianthin, orange III, tropeolin 
D, Poirrier’s orange HI, dimethylaniiine orange, mandarin orange, and gold orange. 

*Rer., 1878, II, 1944; Chem. Ind., 1881, 3^; Handbuch fur Sodaindusirie, I, 
52 (1879); II, 151 (1893). 
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In the free state, the sulfonic acid is obtained in the form of red- 
dish violet scales, soluble in considerable water. If some of the solid 
is dissolved in as little water as posable, a distinct reddish orange solution 
is obtained; but on the further addition of water this color gradually 
changes to yellow. If a trace of an acid is added to the yellow solution, 
it becomes red again, and on further dilution with water the color changes 
to orange and finally to yellow once more, if too much acid was not added. 
The color changes which take place between pH = 3.1-4.4 can be ex- 
plained easily. 

In the sensitive neutral solution there is a condition of equilibrium 
between two isomeric forms of methyl orange as expressed by the equa- 
tion: 

HS0a*CJl4-N:N-C6HHN(CH3)2?=iSO3-C6H4-NH‘N:CsH«:N(CH,): 


The formula on the left represents the yellow substance and the color 
is duo to the azo group N:N, whereas the formula on the right repre- 
sents the red substance which has for ite chromophor the quinoid group 
:CeH4:< The formula on the left has a sulfonic group which imparts 
acid properties to the molecule, and at the other end is an N(CH 3 )a 
group which has weakly basic properties. The formula on the right, 
therefore, represents an inner salt inasmuch as the acid- and base-forming 
groups arc united. 

The sodium salt of methyl orange is yellow and has the formula 
NaSOj-CeHiN :NC5H.N (CHals 

and when decomposed by acids the free sulfonate at once reverts to the 
red form;* 

SO,‘C,H«-NH-N:C«H<:NCCHj)2 


Methyl orange is an excellent indicator for weak bases but cannot be 
used for the titration of weak acids. 

If it is desired to titnate a solution containing sodium hydroxide with 
a tenth-normal acid, add a little methyl orange to the alkaline solution 
and titrate with acid until the solution is colored a distinct red. This 
color will not appear permanently until an excess of the acid has been 
added. The use of excess acid causes a slight error in the analysis which 
is greater in proportion to the amount of indicator employed, and to the 
dilution of the solution. 

From what has been said the foUowmg rule holds; 

> Cf. StirRlitz, /. Am. Chem. Soc., 26, 1117; Peters and Redmon. J. Ckem Edit^ 
enfion, 17, 525 (1910) 
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In any titration a small amount of indicator should be used, and, 
inasmuch as the change of color is proportional to the concentration and 
not to the absolute amount of acid present, the analyzed solution should 
have as nearly as possible the same concentration as prevailed in the 
standardization of the reagent used. 

If a normal acid is used for the titration, the change of color is very 
sharp -when the volume of the solution titrated amounts to about 100 ml. 
Even with a fifth-normal solution the change of color is very distinct, 
but less so with tenth-normal solutions; but these can be titrated 
provided the standardization was made at the same dilution as that used 
in the analysis. 

How is it with the end point in the titration of an acid with an alkali 
hydroxide solution? 

If a few drops of methyl orange are added to 100 ml of water, the 
water will be colored distinctly yellow. If the solution contains the 
same amount of hydrochloric acid as is contained in 10 ml of a tenth- 
normal solution of this acid, the solution will be colored a deep red. In 
order that the solution shall assume its original yellow color, it is only 
necessary to add exactly 10 ml of 0.1 N alkali hydroxide solution, but 
no excess of alkali, because the water is itself sufficient to decompose the 
dyestuff sufficiently to produce the yellow color. 

It is evident, then, that it is not a matter of indifference in the analy- 
sis whether the titration is completed by the addition of acid or by the 
addition of alkali. In the former case, for the titration of T ml of 0.1 N 
alkali solution, T -j- f ml of 0.1 N acid would be necessary. 

Methyl orange is more sensitive toward alkali than toward acid, but 
many prefer to finish the titration by the addition of acid, for most 
eyes can detect the change from yellow to red wth greater accuracy. 
In principle it is more accurate to accomplish the titration the other 
way, as was recommended by F. Glaser. 

Uses. IMethyl orange is suitable for the titration of strong acids 
(HCl, HNOs, H2SO4) as well as phosphoric and sulfurous acids. Hydro- 
chloric and nitric acids can be titrated with this indicator with a sharper 
end point than sulfuric acid. 

Phosphoric Acid. If free phosphoric acid is titrated with sodium 
hydroxide in the presence of this indicator, the solution changes from 
red to yellow when one-third of the phosphoric acid has been neutralized: 

H3PO4 + OH" = HsPOr + H2O 

The primary phosphates are neutral toward methyl orange; the 
secondary and tertiary phosphates react alkaline toward it. With half- 
normal solutions, the end point of the reaction is fairly sharp. With 
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tenth-normal solutions it is less so, and an excess of about 0.3 ml of the 
0.1 N alkali hydroxide is necessary to cause the change from red to 
yellow. 

Sulfurous Acid. In titrating sulfurous acid wdth sodium hydroxide, 
the yellow color is obtained when half the acid has been neutralized 

H2SO3 -f OH” = HSOr -f H2O 

and HSO3' is neutral toward this indicator. 

The weak acids HCN, H2CO3, HjS, HjAsOa, H3BO3, and HCrO* when 
present in moderate quantities do not affect the color of methyl orange 
solutions. COs and HsS produce an orange-red coloration only when 
present in large amounts. For this reason dilute solutions of the alkali 
salts of these acids can be titrated with accuracy by means of this indi- 
cator. 

Organic adds cannot be titrated \rfth methyl orange. 

The strong and weak bases NaOH, KOH, NHiOH, Ca(OH)2, Sr(OH)2, 
Ba(OH)s, and MgCOHla can be titrated wdth great accuracy by means 
of this indicator, and the same is true of the amine bases (methyl and 
ethyl amines, etc.); on the other hand, such weak bases as pyridine, 
aniline, and toluidine cannot bo titrated. 

Nitrous acid ordinarily cannot be titrated with this indicator because 
the acid destroys it. If, however, an excess of alkali is first added to 
the solution of nitrous acid, then the methyl orange, the titration can 
be accomplished with accuracy. 

2. Methyl Red 

(CHOjN - COI* - N - N - CtH, - COOH 

Varadimeihylaminoazf^nzenc-o-caTboxylic add 

This valuable indicator is suitable for titrating weak organic bases 
and ammonia. The aqueous solution of methyl red is orange, but if 
a few drops arc added to 50-100 ml of water, the water is colored a pale 
yellow. The addition of a drop of 0.1 N HCl at once turns the liquid 
a violct-rcd without its passing through any intermediate shade, and 
by the addition of a drop of ammonia the solution becomes nearly 
colorlcas again. Methyl red is not very sensitive toward carbonic acid, 
but more so than methyl orange, so that it is less suitable for the titra- 
tion of carbonates. The chief advantage of this indicator lies in the 
sharp color change from a vcr>' pale yellow to a violet-red, even in titrat- 
ing ammonia. The color change is at pH = 4.2-t>.2. 
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3. Phenolphthalein 

Phenolphtbalein is a very weak acid forming red salts which contain 
the strongly ehromophoric quinoid group;C 6 H 4 :. The free acid, how- 
ever, is unstable and, when set free from one of its colored salts, by the 
addition of acid, it reverts instantly into a colorless lactoid form, con- 
taining no chromophor group: 

HOOC*G8H4‘C(C6H<OH):CEH<:0?:sO-OC-CeH4'C(C6H^OH)2 

I i 

Tea cobtless 

In the free acid, therefore, the condition of equiUbrium favors the 
lactoid form and only traces of the quinoid acid are present. This trace 
of quinoid acid is ionized somewhat and is in equiUbrium with its ions; 

H00C‘C6H4'C(C,H40H) ;C6H4;0 

+ OOC’C,H4'C(CeH4OH):CeH4:0' 

The addition of an alkali causes the hydrogen ions to disappear, so 
that more of the quinoid molecules must be ionized to preserve equiUb- 
riura, and the quinoid molecules in turn are reproduced from the lactoid 
as fast as the former arc converted into the salt. Phenolphthalein is 
a very sensitive indicator towards acids, but on account of being a very 
weak acid it does not form stable salts with weak bases. 

Phenolphthalein becomes pink in solutions of pH greater than 8.3 but becomes 
colorless in solutions which contain a large excess of alkali hydroade. Potenti- 
ometric titrations indicate that phenolphthalein is tribasic and that the colorle^ 
forms are shown by Jree phenolphthalein and by the ion of tribasio salt. These 
facts and the theory that the color is due to resonance, or vibration in the molecule, 
can be explained as follows • PhenolphthiUein in the unneutraliaed state has a 
colorless molecule that can be represented by the formula shown below in (o). The 
addition of OH" causes the formation of HjO with one of the phenol groups, but this 
causes disruption of the lactone gro^qj and the negative charge on the anion formed 
shifts to the carboxyl group ipvmg the compound shown at (b). But the second 
phenol group is about as strongly acidic as the other, and it reacts with a second 
molecule of OH“ before the first reaction is completed, and this results in the forma- 
tion of the dibasic anion shown in (c) The part of the compound containing the 
two phenol groups is now symmetrical, and the two resonance forms arc shown in 
(c) and (d). The addition of strong caustic rfkali forms the tribasic salt of phenol- 
phthaleia, and the colorless tribasic anion shown in (e) results in which no resonan e 
is possible. 


* Peters and Redmon, J Ckem. EduatHon^ 17, 625 (1940). 
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XJses. Phenolphthaleia is particularly suited for the titration of 
organic and inorganic acids and strong bases, but not for the titration 
of ammonia. 

If the red-colored solution containing phenolphthalein and o little 
alkali is treated with an excess of concentrated alkali hydroxide solution, 
the red color disappears at pH *=> 10 but returns if the solution is diluted 
with water. Phenolphthalein, therefore, cannot be used as an indicator 
for the titration of concentrated alkali without previous dilution with 
water. 

Phenolphthalein is a sensitive indicator toward acids. It is far more 
sensitive to acids than is methyl orange, for not only can the presence 
of weak acids be detected, but even very small amounts can be titrated 
with accuracy. 

Ordinary distilled water usually contains carbon dioxide, as can be 
shown by slowly adding 0.1 JV barium hydroxide solution, drop by drop, 
to 100 ml of W’ater containing a drop of the indicator solution. UTiere 
the alkali first meets the water, a red color is produced which disappears 
on stirring, so that often as much as 0.5 to 1.8 ml of the alkali must be 
added before a permanent red color is obtained. The disappearance of 
the red shows the presence of acid (in this case carbonic acid), and its 
amount corresponds to the alkali neutralized. 

Phosphoric Add. If a solution of phosphoric acid containing phenol- 
phthalein is titrated w'ith normal sodium hydroxide solution, a per- 
manent coloration is produced when two-thirds of the phosphoric acid is 
neutralized: 


HjPO* + 20H' HPOr" + 2 HjO 


Apparently NazHPOi reacts neutral tow’ard phenolphthalein, but this 
is not quite correct, for a pure solution of disodium phosphate is colored 
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a pale pink by phenolpbtlialeiu, and on dilution with water the intensity 
of the color increases owing to progr^ive hydrolysis: 

Hpor" + H 2 O 4=± OH' + HaPor 

Dxiring the titration of phosphoric acid *with sodium hydroxide, a 
pale pink color is obtained somewhat too soon, and this color gradually 
increases in intensity until finally a marimum is reached, which is taken 
as the end point. It is possible that this hydrolysis could be prevented 
by the addition of a large excess of sodium chloride and cooling to about 
0°C. 

Carbonic Acid. If the solution of a neutral alkali carbonate is treated 
with phenolphthalein a red color is obtained, showing the presence of 
hydroxyl ions in the solution, due to hydrolysis: 

C 03 ~" + H 2 O ;=± OH" + HCOa' 

If hydrochloric acid is added to such a solution which is not too dilute 
and is at a temperature of 0®, decolorization is effected when the alkali 
carbonate^ is changed to bicarbonate. At ordmary temperatures a 
sharp end point cannot be obtained; the color gradually fades. Pure 
sodium bicarbonate dissolved in ice^^old water is not colored by the 
addition of phenolphthalein; if it is warmed to the temperature of the 
room it turns red, but on cooling the color disappears (Kiister). 

Silicic acid seems to be without influence upon phenolphthalein, for 
alkali silicates (the water-glasses) can be titrated with accuracy. 

Chromic acid and acid chromates are changed by the addition of nlknli 
to neutral chromates, which have no action upon phenolphthalein. 

Alkali aluminates can be titrated accurately with this indicator, for 
aluminum hydroxide does not affect it. 

Uses of Indicators. Indicators are used for two distinct purposes: 
(1) to show the actual concentrations of hydrogen ions in dilute solutions 
of acids and bases; and (2) to show the end point of a titration. The 
actual concentration of hydrogen ions depends upon the quantity of acid 
present and upon the extent to which the acid is ionized. A tenth- 
normal solution of acetic acid requires just as much sodium hydroxide 
to neutralize it as the same voliune of tenth-normal hydrochloric acid, 
but the hydrochloric acid contains about 70 times as many hydrogen 
ions. The tenth-normal acetic acid has a pH value of about 2.9, and 
the hydrochloric acid a pH value of about I. For many purposes it is 

i Alkaline-earth carbonates behave differently. They do not dissolve appreciably 
Until the solution has a pH smaller than 6. Of. p. 349. 
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much more important to know tile pH value of a solution than the actual 
content of acid molecules. 

The concentration of hydrogen ions, or the corresponding pH value, 
of a dilute solution of an acid or of a base can be computed easily from 
the so-called ionization constant of the acid or base. The ionization of a 
weak acid can be regarded as a chemical reaction that quickly reaches a 
state of equilibrium. Thus, if HA represents any weak acid, H+ the 
hydrogen ion, and A“ the anion, the ionization reaction is 

HA^=^H+-l-A" 


and the mass-action expression corresponding to this reaction is [H+j X 
[A"]/[HA] = k. In such cases (H+J, [A“], and [HA] are usually expressed 
in moles per liter, and the concentrations arc those corresponding to a 
state of equilibrium. 

The stronger the acid, the larger the ionization constant. For a completely 
ionized acid, the ionization constant is assumed to be 1, cf. p. 401. The mass-action 
law does not help us much when the ionization is practically complete. When 
expressing concentrations in moles per liter \vc assume that one unit of a binary elec- 
trolyte gives two, and this leads to a mathematical error because the units are not 
absolutely the same. Such an error, however, can be disregarded in working with 
weak electrolytes 

In considering the ionization of acids with more than one rcpLaceable hydrogen, 
such as sulfuric or phosphoric acid, the Ionization reactions should never be written 
HjSO* ^ 2H* + SOr* or HjPOi » 3H* + PO«“““ because the first equation 
states that one sulfate anion is formed for every two hydrogen ions and the second 
equation states that one phosphate is formed for every three hydrogen ions. This is 
false. The ionization of sulfuric acid takes place in two stages and of phosphoric 
acid in three stages. 


H,SO« H+ 4- HSOr HjPO* rs H+ + HiPOi" 

Hsor ri H+ + sor" Hjpor h+ + hpo*"" 

HPO«" H+ + PO 4 — 


The corresponding mass-action expressions are 


IiUKHSori 

(HsSOd 


in 


[Hnisor-] 

iHSori * 


3 X 10-* 


[HniHtPO.-] 

[H,P04] 


= iTi = 1.1 X 10-s 


IHniHPO.--] 

iHjPori 


= iT, = 2 0 X 10-» 


[H+lIPO, — 1 

(HPO*--] 3.6 X 10-» 

In the case of phosphoric acid, we may consider that three acids are present. The 
first, H,PO,, corresponds to a moderately strong acid and is about 35 per cent 
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ionized in tenth-normal solution; the second is weak and will not show an acid 
reaction to methyl orange; the third is an extremely weak acid. We can multiply 


the three equihbrium expressions together and get 


[H^l» X IPOr") 


= X iTi X Rt 


iHjPai 

— 7.9 X 10“®, which is precisely the same form of expression that we would get if 
the reaction H3PO4 — » 3 H+ + PO4 took place, but in substituting numerical 
values we must^ remember that the quantities of formed by the secondary and 
tertiary ionization are inappreciable with respect to that formed by the primary 
ionization. The value of [PO4 J would be merely that extremely low concentration 
formed by the tertiary ionization. The only significance of the expression 
JTi X X Ks is to show the effect that increasing the H"*" concentration has upon 
that of the PO4 . This explains, for example, why phosphates dissolve readily 
in solutions of HCl or HNOa. 

The following table shows the ionization constants of some acids and bases. 


Acids Ka Pa — logiT® 

Acetic 1.8X10-S 4.74 

Arsenic, Ki S.O X 10“* 2.30 

Benzoic 68X10"® 4.16 

Boric 60X10"'“ 9.22 

. . \Ki 49XlO-» 6.31 

6.3X10- 10,20 

Chromic, Ki 6 0 X 10"^ 6.22 

{Ki 80Xl0-« 3.10 

Citric bfj 60X10-* 4.30 

1^4 2.0X10-* 6.70 

Formic 2.0 X 10-* 3.70 

Hydrogen cyanide 7X10-'“ 9.14 

TT j icj 9 X 10-» 7.05 

Hydrogen 1.2X10- 14.02 

r, jKi 3.8X10-* 1.42 

Oxahcj^^ 3.5X10-* 4.46 

Phosphoric] K 2 2.0X10"’ 6.70 

U, 36X10"'“ 12.44 

Sulfuric, iv, 3.0X10-* 1.62 

e ,, \Ki 1.7X10"* 1.77 

SuIfurous|^^ 1.0X10- 7.00 

9.7X10-* 3.01 

Trichloroacetic 1.3 X 10— 0.88 


Bases Kh pb ~ — logiT* 

Ammonia 1.75 X 10"* 4.76 

Barium hydroxide, 3 X 10~* 1.62 

Ethylamine 5.6 X 10— 3.25 

Hyiazine 3.0 X 10"* 6.52 


Choice of Indicators in Titrations. The titration of an acid with a 
solution of a base is generally called a neutralization, but a sharp end 
point is obtained at pH = 7 only when the acid and base are both strong 
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olcctrol^Tc?. Tf the arid «nd b:wnrc equally slrons;, the «'nd point ^YiIh 
a 'v\cak arid and n v’cnk ba«o ?houl<l oecm* nt pH - 7 but it w ill not ho 
sharp. This illustrated by the plotted curves on p. dOI . Hlu' 1 it lal ion 
of a weak acid vdth a weak base 'should ho nvojded wlunuvoi po--iblo 
because of this difficulty in getting a sharp end point. 

The rtin'C on p. 401 for the titration of liydrPchloric acid vi(l\ •■'odinin 
hydroxide show that the titration practicallv Oni^hiVl at abotit yiH •- 
S.o and the next drop of 0 1 V sodium liYdroXidc selntion ch;inf,('-, tie' 
TjHto about 10 5. In reading sx^ph a cuivo, the true omi point i- taken 
as halfway up the nearly vertical lino, which is at “ 7 in thi^ oa-'O. 
Any indic.ator that chances color helwPen pH O.h and pH — lO.h 
should give a. good revnilt. 

The cun’e for the titration Of nt'ctio .aotdVith fwlium hYdiHAidc flio\\s 
that the end ivnnt is at alw^ut pH ~ 0 . huch a ANlntion is alkaline be- 
cause of the hydnd.N'sis of *^ 04 luim acetate. In this i it i at (in'!, thefeOnu. 
the end iwint is not at the ncptral l^unt Imt .at lhe\yy!(tVaf«acf poivf, V.o., 
it occurs \\hon a quantity of n>diuP\ lAa^o^Mde I'ljuh-nhnt tb t'lit' acetic 
acid present has been ndiled. A sttidyxU tiievmXnWh b. Ani\\s\.\n\I 
methyl orange which change's rotor = ‘i't -t-ttls mv.OtWln^VW'ete. ^ 
for this titration, hnt iffienulptdhateinwtdettrtiObUesVOtO) i\t j\\ ♦ M,;t- 
10 should give a g«)ud U'snlt. A plntllarptffitvoft^lt'tlUidhOl bf ibblbbtbA 
witUhydnicldotie acid will pbun lhal pltennljildhnlMlii hi 11 < t-it-s lUll) lIlAt 
methyl ted or iiietliylniatigeean housed, hiuiii llinltlU hlbdlll’l Hlll-iillll 
of w’ater and llteloiiiKiii i'll! 1 ‘Miisl alii tiHlln UHth iUhhll 
it H possible to eoiiitHlle llic pH tnlllMUf l|)n std|||tli|| ill )i||. Hlllli itlclH'l' 
point, and when flih is kmnvH Hie plMpH ItiillK-llMl I'lill lil' I'ilb'hll. 

TIio liytlfolypiq of n /no !»'• rts hillor.n* 

UA ( f //A 

wtj^n V,A repTPw^dq fl/A of ff»A f,t If,,. {J„f f{/^ /Lj 

the and ."irice •ilts, fxrffAir.ti fru Ht/^v cfk hlfjr, ‘ 

pfimpfAt4»ly K,r, iwj in dibao ^olciftoriX ff,K t '(iniinii fi> ■ r,l , . . 

A + -f UA //y 

when IS a iirfrona Air«r.{rolvtA nr, 4 TfA A A vnV n^jf? it,' rh" -vtiofi ■ 
appHed to this rAnrtinn of hydrolyd', nnd «,*?, f>.r 

lOlI t / nu] 

[A-J t.’y 

Tlie qit.iatUy nf in\*or'.'"d n the rCAAtioa i* v'r/ *• n Uj -i f'. ',p q , j.j, 
tot-il qtwnllty of-rT*!**' in ft-A r' iina «o thot (ff Oj i' r-- ' .r Id ' 
tity wui la 'pft ntif of prr«- .n 
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Now, if we multiply equation 2 by » 

IH J 

pinxtAi 

Now according to equation 1 equal quantities of 0H“ and HA are formed by the 
hydrolysis so that in equation 2 we can replace [HA] with [OH'J, and since the 
salt formed is practically completely ionized, we can replace [A“J with c, the concen- 
tration of the salt present In the sdution. This gives us 


Using logarithms we have 

log lOH'l = H log + H log c - H log iT. 

“ -7 d- Mlogc-f Hp»’ 

because log Kv ** —14 and —log Ka ■' p«. 

Then, by changing all the signs, the equation becomes 

-log [OH"! « pOH = 7 - M log c - Hp- 

and since, according top. 458, pH + pOH = 14, and pH ** 14 — pOH, the formula 
for computing pH at the cqulv^ence point in titrating a weak acid with a strong base is 

pB = 7 + HIogc + KP- 

Precisely the same line of reasoning leads us W the formula for the equivalence 
point in the titration of o weak base with a strong acid 

pH “ 7 — Klogc - }ipi, 


The values for pa and pi are given for a few acids on p. 474. These last two 
equations enable one to choose the proper indicator for the titration of a weak acid 
or a weak base of which the ionization constant is known. 

The indicator chosen should change color at the pH indicated for the equivalence 
point. 

It is sometimes possible to titrate a mbeture of two acids in such a way that the 
quantity of each acid present is known. This is accomplished by usmg two mdi- 
cators. With equal initial concentrations of the two acids it is passible to titrate 
each separately with an accuracy of less than I per cent if the ionization constants 
are to one another as I0,000jl, or, in other words, if the difference in the ionization 
constants is at least 10~*. If there is 100 times as much of one as of the other, there 
must be a difference of 10* in the constants. Thus it is possible to titrate hydro- 
chloric acid in the presence of boric acid or hydrochloric acid in the presence of acetic 
add. In the same way it is possible to titrate carbonate in the presence of bicarbon- 
ate; the two ionization constants of carbonie acid are 4.9 X 10~’ and 6.3 X 10“”, 
respectively. Phenolphthalein shows when Hie carbonate is converted into bicarbon- 
ate, and methyl orange shows when all the bicarbonate has reacted with a strong 
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acid like hydrochloric. The ionization constants of phosphoric acid are = l.I X 
10~*, Ki * 2.0 X l0“^ and Kt - 3.6 X 10““. Methyl orange shows when the 
first end point is reached, and phenolphthalcin indicates the second. An indicator 
changing at pll 12 — 14 (trinitrobenzene) will give a fair idea of when the third 
hydrogen has all reacted, but the end point is not sharp. 

Brbnsted Definition of Acid and Base. Since the adoption of the ionization 
theory of Arrhenius in 1887, acids have been defined as substances which furnish 
hydrogen ions in aqueous solutions and bases as substances which yield hydroxide 
ions. In accordance with this conception, the neutralization of a dilute solution of 
acid by a base is expressed by the equation: H'’’ + OH” — ♦ H|0. 

It has been known, for a long time, that the ions are not simply positively 
charged hydrogen atoms, or protons, but are hydrated just as most ions are. Under 
the Bronsted conception special emphasis is placed upon the fact that these hydro- 
gen ions are hydrated; they are given the symbol lIjO* and called hydronium 
ions, hydroitmium ions, or oionium ions by advocates of the system. 

Bronsted’s definition is based on the assumption that any substance can be con- 
sidered as acid if it can lose a proton. A base is a substance which can accept a 
proton. Water acts as a base when it unites with a proton to form H|0. When a 
compound behaves as an acid, it is transformed into its corresponding conjugate base 
as illustrated by the equation 

A;3B“ + H* 

acid b&M proton 

Since free protons arc not present In solution, a dissolved acid will dissociate 
clcctrolytlcally only when the solvent can accept protons and act as a base. Just 
as water acts as a base to form IltO^ ions, so NHi'*’ ions dissolved in liquid ammonia 
have chemical properties which wc regard as acidic. 

In dealing with aqueous solutions, UlUe is to be gained by the Bronsted formula- 
tion of acid-base equilibria with water. The mathematical treatment is essentially 
the same as when the Drdnsted theory is not used. The chief points of difference 
arc the substitution of kydromum ion for hydrogen ion and the change in the defi- 
nition of acids and bases. Sodium carbonate is a salt in tiic older sj'stem, but the 
carbonate ton is a hojc according to Bronsted. We have alwa>'s known, however, 
that the anions of compounds like NajCOi and NaCjIIjO* have basic properties 
with respect to neutralizing acids, and NnjCOi has been used to standardize solutions 
of acids ever since the early days of the nineteenth century. Tlio Bronsted nomen- 
chturc IS used by many modem writers who hke to think of water, NIIi, CjIIiOr, 
C0|*" as ba-v-s when they unite with II* ions to form II»0, undissociated acetic 
acid, carbonic acid, etc. Wlicn, in this book, we speak of hydrogen ions and write 
tlic symbol II*, we do so with the full realization that these ions arc hydmtcd just 
ns copper ions and mo^t other ions arc. Tlie BrOnsted terminology is somewhat 
more complicate<l tlmn th.at of tlie older and more conventional sj-stem. A student 
brought up entirely on this newer nomenclature wUl bo confused by many statements 
in current literature and in the older writings. 

Tlie titration of borax with h>drochInrie acid can lie used as an example of the 
different w.ay8 in which the underlying chemical reaction can be explained. Borax, 
according to the older nomcnclaturr, is n salt of a strong ba.se (NaOII) and a very 
weak acid (HiUOj). Borax di*?solvcs in water but the acid Is so wc.ak that hj-drolysis 
t.akrs phcc to a conddcrable extent liecaure Iwric acid is so weak that the BiOi"" 
vans react with the 11* ions of water tofurm lljBOi, 

n.Oi”” 4- 7IIJ) -.4II.BO, + 20ir 
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and added ions react with the OH" ions to form H2O bo that the final reaction 
results in the complete conversion of all ions to HjBOj, 

BiOt'" + 2H+ + SHiO -♦ 4H,BOj 

According to the Bronsted nomenclature, the BjOj ion is what is called a cotv- 
jugate base and reacts with HjO'^ ions aa follows: 

B,0,"" + 2H,0+ + SHiO -» 4H,BO, 

There is little to choose between the two explanations because the fundamental fact 
to be explained in both cases is that an aqueous solution of Na2B407, with methyl 
red as indicator, can be titrated according to the equation 

Na2B40r -f SHQ + 5H,0 = 2Naa + 4H,BOj 

Titration of 0.6 N Solutions of HCl and NaOH 

To prepare 1 1 of 0.5 N HCl, measure out approximately 0.5 -s- 0.012 = 
41.7 ml of 12 N HCl or 83.3 ml of 6 AT HCl and dilute to approximately 
1 1. Since the solution is to be standardized, it is unnecessary to measure 
the acid or the water accurately. Pour the acid into an ordmary glass- 
stoppered quart bottle, and 611 with water up to about 2 in. from the 
bottom of the neck. It is important that enough empty space is left 
to permit thorough mbdng by shaking. Stopper the bottle and shake 
for at least 2 minutes. . ’ 

Prepare 1 1 of 0.5 N sodium hydroxide by weighing out on the labora- 
tory scales about 20 g of solid sodium hydroxide. Bilute with distilled 
water to about 1 1, and mix by shaking at least 2 minutes. Since this 
basic solution attacks glass slightly and sodium silicate is a good cement- 
ing agent, it is well to use a rubber stopper in the bottle and unwise to 
use the solution in a glass-stoppered buret. 

Solutions of alkali hydroxide attack glass to form. NajSiOs. The reac- 
tion takes place slowly but becomes appreciable on standing. It is well 
to heat the empty bottle carefully to about 100® on the outside, place a 
piece of paraffin in it, and rotate until the inside of the bottle is thinly 
coated with paraffin. Solutions of acid also attack glass slightly on 
standing. 

After the solutions are once mixed, the concentrations will remain 
uniform as a result of the osmotic pressure of the solutes, but there is 
always a slight loss by evaporation if the bottle is not kept stoppered. 
If a warm day is followed by a cool night there is likely to be some con- 
densed moistiure on the sides of the bottle so that it is always well to give 
the contents of the bottle a slight shaking every time a fresh portion is 
taken. 

Take a plain buret that has been thoroughly cleaned with chromic acid 
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solution (cf. p. 438) and washed with water. Never allow it to remain 
empty for any length of time; a buret that has been dry for some time 
will rarely drain well. When the buret is not in use, fill it with water, 
or with the solution which is used in it, and cap it with an inverted test 
tube. Rinse the buret with three 10-ml portions of the sodium hydroxide 
solution, emptying it each time. Discard the solution thus used. Fill 
the buret to slightly above the graduations, make sure that there is no 
entrapped air bubble in the rubber tubing at the bottom of the buret, 
which must be full of liquid, and then drain out the solution until the 
bottom of the meniscus at the upper level k exactly at 0.00 or slightly 
below. To remove entrapped air, bend the flexible tubing so that the 
tip points upward and allow a little solution to run out. In filling a 
buret, pour the reagent directly from the bottle into the buret. The use 
of a funnel or small beaker is likely to lead to error. In the same way, 
rinse out a carefully cleaned, glass-stoppcrcd buret with water and wth 
three separate portions of the 0.5 N acid, and fill to approximately the 
zero mark. Make sure that the bottom of the stopper is filled with liquid. 
Read each buret to the nearest 0.01 ml, and record the readings in the 
notebook (cf. p. 439 with respect to the use of blue, glazed paper). 
Measure out about 40 ml of the alkali hydroxide solution into a 200-ml 
Erlenmeyer flask, dilute with 60 ml of water, add 2 drops of methyl orange 
indicator solution and titrate with the acid until the solution begins to 
change from yellow to pink. As a rule a little too much acid will be 
added at first; if this happens, add a little more of the sodium hydroxide 
to turn the color back to a distinct yellow. Then add the acid very 
carefully until the well-stirrcd solution assumes a. pink tint. Read each 
buret again. 

Refill the burets and repeat the titration in the same way. Record 
the readings and compute the relative strengths according to the follow- 
ing scheme, which represents a sample page of a notebook. 
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TITRATION OF HQ vs. NaOH. OCT. 3, 1941 


Determination 

I 

n 

Final reading HCl 

48.08 

43.14 

Initial reading HCl 

0.12 

0.17 


47.98 

42.97 

Final reading NaOH. ......... 

46.29 

40.37 

Initial reading NaOH 

1.75 

0.50 


44.54 

39.87 

log ml HCl 

1.680S 

1.6332 

log ml NaOH. 

1.6488 

1.6007 


0.0320 

0.0325* 

1 ml of NaOH neutralizes. ..... 

1.076 

1.077 ml HCl 


* In titrations o{ one solution against another and in standardizations, the logarithms of the final 
values should agree rrithin 0 0003. This eorreaponda to a check in the values of 2 parts in 1000, If 
necessary, repeat the work until this agreement b obtained. 


The above procedure was made with a back titration. Sometimes it is advan- 
tageous to titrate to a dead stop end point. To do this in the titration of base with 
acid, keep the contents of the fiask in constant motion, and, when a color change is 
apparent, close the buret and keep swirling the solution until the original yellow 
color is restored. Now add the acid more slowly, and, os the end point is approached, 
finally add the reagent dropwise, malang sure that the yellow color is restored before 
adding a fresh drop. It is well to have for comparison a like volume of water con- 
taining the same quantity of Indicator and a tiny drop of acid (0 02 ml) and end the 
titration when the two colors match. With a little practice, this dead stop end 
point can be determined as quickly and as accurately by this method as when a back 
titration is necessary because a slight excess of reagent was added. 

Standardization of Acids and Bases 

There are many excellent ways in which a solution of hydrochloric acid can be 
standardized with satisfactory accuracy. The standardization can be accomplished 
gravimetrically by taking a measured volume of the acid from a pipet or buret, 
diluting with water, adding a slight excess of silver nitrate, heating to coagulate the 
precipitate, filtering, and weighing the silver chloride precipitate. Such a procedure 
corresponds to the determination of chlorine in a sample of sodium chloride. 

The acid solution can be standardized by measuring the volume required to react 
with a pure substance of definitely known chemical composition. A satisfactory 
standard is sodium carbonate prepared by heating pure sodium bicarbonate to 270®. 
Gay-Lussac recommended this method early in the nineteenth century. Other 
standards w’hich have given good results are: calcite (Grandeau and also Pincus in 
1863); potassium bicarbonate (Ure, 1830); sodium bicarbonate (North and Blakey, 
1905); potassium bitartrate (Bomlraeger, 1892), which is first converted into 
potassium carbonate by heating strongly; sodium oxalate (SSrenson, 1893), which 
is converted into sodium carbonate by ignition; and borax (Salzer and also Rimbach 
in 1893). Frequently it is convenient to standardize the acid against a solution or 
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base which hag itself been standardized. This last procedure is called the indirect 
method. 

There is no good gravimetric method for standardizing a solution of sodium 
hydroxide, but numerous pure substances have been recommended as standards. 
Pure oxalic acid crystals, HjCi0«2H»0, were used by Fr Mohr in 1852, and since 
then the following arc only a few of the adds or acid salts which have been advocated : 
potassium acid oxalate, KHCjO*; potassium telroxalate, KHC204-H2Cj04-2H20; 
succinicacid,C 2 H 4 (COjH) 2 ; potassiumbiiodate,KH(I 03 ) 2 ; benzoicacidjCeHsCOaH; 
potassium acid phthalate, KHC»H404 An Induect method of standardizing sodium 
hydroxide solution is the titration against a solution of acid which has been stand- 
ardized. 


Standardi 2 ation of Acid against Sodium Carbonate, KasCOs 

Preparation of the Standard. If pure sodium bicarbonate is not 
available, dissolve about 35 g of the commercial product in 350 ml of 
warm ^ater and filter off any insoluble residue. Allow the water to 
evaporate slowly at a temperature not above 40® until about 25 g of 
salt has deposited. Protect the solution from contamination by dust by 
covering it with a watch glass supported upon a glass triangle or glass 
supports. Finally pour off the mother liquor; dry the crystals by 
pressing them between filter papers and by heating for an hour at 120®, 
Preserve the pure sodium bicarbonate in a glass-stoppered bottle. 

Place about 8 g of pure sodium bicarbonate in a platinum or porcelain 
crucible and heat for 30 minutes at a temperature of about 270®, taking 
care that the temperature docs not rise above 300®. The heating can 
take place in an electric oven, a sand bath, or an air bath. 

If a sand bath is used, embed the crucible so that the sand on the 
outside is level with the sodium bicarbonate on the inside. Occasion- 
ally stir the contents of the crucible with a 3G0® thermometer. After 
heating the crucible for half an hour, allow it and its contents to cool in a 
<lcsiccator over calcium chloride or other suitable desiccant. Preserve 
the sodium carbonate in a glass-stoppered weighing bottle. If exposed 
to the air or kept in a cork-stoppered bottle it soon absorbs water from 
the atmosphere and becomes worthless as a standard. 

Standardization. To standardize 0.5 N hydrochloric acid, weigh out 
two separate portions of about 1 g of sodium carbonate and record the 
weight to the nearest tenth of a milligram. The best way to do this 
is to place a little more tlian 2 g of the standard in a glass-stoppered 
weighing tube. Weigh tliis tube and its contents and record the weight 
after counting the missing places in the box of weights. Check this 
value by counting the weights on the pan. Everj' student is likely to 
make a mistake in recording a wciglit, but he will almost always notice 
the mistake if he habitually checks his obscn'ations. Take the weighed 
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fades, add more of the sodium hydroxide solution until the color persists 
after boiling for 30 seconds. Record the data as sho\vn on p. 482. The 
equivalent weight of potassium acid phthalate is the molecular weight, 
204.1. Compute the normal concentration of the base, and, from the 
ratio of acid to base previously found, compute the normal concentra- 
tion of the hydrochloric acid solution as well. 

For the most accurate work, the soluUon of sodium hydroxide must be prepared 
free from carbonate, the water used for dissoinng the standard must have been 
recently boiled to remove carbon dioxide, the titration must take place in a flask 
which has been swept free from carbon dioxide by passing through it a stream of air 
that has been made to flow through granular soda-lime or Ascarite, and a blank test 
must be run under the same conditions to see liow much sodium hydroxide would 
have been used if no potassium acid phthalate had been present. The volume used 
in the blank test must be deducted from that used in the standardization, 

(6) With Benzoic Acid 

Weigh out 1.5- to 2.0-g portions of the pure acid into 200-ml flasks, 
and record the weights to the nearest milligram. Add 40 ml of alcohol, 
stopper the flask, and allow to stand until all 
the acid has dissolved. Add 3 drops of phe- 
nolphthalein indicator, dilute with water to 
100 ml, and titrate with the 0.5 N sodium 
hydroxide. When a slight pink color is 
obtained, heat the solution and see if the 
color disappears. If so, add more sodium 
hydroxide imtil the color is not bleached by 
boilmg for 30 seconds. Run a blank test with 
the same quantities of water and alcohol, and 
deduct the volume of sodium hydroxide re- 
quired in this test from the total volume 
used in the standardization. 

Everything that was said under (c) concerning 
the effect of carbon dioxide is true here. Sodium 
hydroxide free from carbonate can be prepared 
by adding about 20 ml of 0.5 N barium chloride 
to the sodium hydroxide solution. Allow the pre- 
cipitate of barium carbonate to settle; stopper the 
bottle with a two-hole rubber stopper carrying a 
short right-angled tube attached to a soda-lime 
tube through which air can enter the bottle and 
also carrying a siphon tube reaching nearly to the 81. 

bottom of the bottle. Then place the bottle on a 

shelf above the buret and siphon the solution into the buret as required. See 
Fig. 81. The valve at a b made by a round bead in the rubber tubing. 
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(c) With ConstanUBoiling Hydrochloric Acid^ 

Set up a distilling apparatus with a liter flask and a water-cooled 
condenser. Place in the flask about 750 ml of approximately 6 N HCl 
and distil at the rate of 3-4 ml per minute. After about three- 
quarters of the original liquid has been distilled and rejected, collect 
the constant-boiling acid in a dry flask. Continue distilling until only 
50-00 ml of liquid remains in the distilling flask. Preserve in a 
glass-stoppered bottle. Read the barometer to the nearest millimeter. 
The exact composition of the liquid varies slightly with the barometric 
pressure that prevails during the distillation, as the following table shows. 


Atmospheric Pressukb 

Weioot op HCl IN 

Miluequivalents 

IN Millhieters of Merctot 

1 g OP Distillate 

PER Gram op Distilla 

780 

0.2018 

5.536 

770 

0.2020 

5.543 

760 

0.2023 

5.550 

750 

0.2026 

6.656 

740 

0.2028 

5.563 

730 

0.2030 

5.569 


Each millimeter difference in barometric pressure corresponds to about 
0.02 mg in the actual HCl content of 1 g of the acid. The value for 
any intermediate pressure can be interpolated with an accuracy of 
1 part per 1000 or better. 

To use the acid for standardizing 0.5 N NaOH, weigh a clean and dijy 
glass-stoppered weighing tube to the nearest 0.1 mg, add 3-4 ml of the 
constant-hoiling acid, weigh the tube again, and transfer to a 200-inl 
Erlenmeyer flask by washing the tube thoroughly with a stream of water 
from a wash bottle. Dilute to about 100 ml, add methyl red or methyl 
orange indicator solution, and titrate to the color change. 

The acid can also be weired from a weight buret such as that shown 
in Fig. 79, p. 446. It can be used for preparing standard solutions by 
diluting a weighed portion to the mark in a volumetric flask and mixing. 

No'rmal Hydrochloric Acid 
1000 ml contmns 36.47 g of HCl 

Dilute pure, concentrated hydrochloric acid of the laboratory with 11 
volumes of water. In this way a solution is obtained that is slightly 
more than normal in strength. To obtain an exactly normal solution, 
titrate it against a weighed amount of chemically pure sodium car- 

^Foidk and Hollingsworth, J. Am. Chem, Soa., 46, 1220 (1923) j Hulett and 
Bonner, ibid., 31, 390 (1909) ; Bonner and Btanting, ibid., 48, 3093 (1926). 
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bonate, and from the result obtained compute the volume of water to be 
added. Constant-boiling hydrochloric acid can be used more ad- 
vantageously (see p. 486). 

In the standardization of any volumetric solution it is advisable to 
take a weight of substance such that the titration can be accomplished 
with one filling of the 50-ml buret and heavy enough so that the nor- 
mal titration error w’ill not amount to more than 0.001 of the total 
volume of standard solution used. This is accomplished by taking 
enough substance to react with 35-40 ml of the solution to be stand- 
ardized. It is always well to run a blank with the w’ater used, to see 
how much of the solution is required to give an end point similar to 
that used in the analysis. The blank titration should have the same 
volume of w'ater, the same amount of indicator, and the same tempera- 
ture as the main solution, and in working with methyl orange it is best 
to match the shades. 

To standardize the acid, proceed as directed on pp. 481-484. Of pure 
sodium carbonate, use about 2 g for a normal solution; add 100 ml 
of water and 2 drops of methyl orange indicator solution. Start the 
titration at approximately the zero reading of the buret. Becord the 
reading in the notebook, estimating to the nearest hundredth of a 
milliliter. Titrate slowly with constant stirring until the color changes 
from yellow to orange. With a little practice it is easy to toll when the 
end point is nearly reached by the fact that a pink color is produced 
which fades slowly on stirring. Finally, at the right end point, the 
color cliangcs from yellow' to orange throughout solution. It is ad- 
visable to match the color with that obtained by adding the indicator 
solution to pure water and adding just enough acid to give an orange 
tint to the solution. 

If the end point is overstepped, add enough standard sodium hy- 
droxide (p. 489) to restore the yellow color and finish with acid again. 
Titrate the sodium hydroxide against the acid as described on p. 479, 

Computation. If no sodium hydroxide is used the computation is very eimpic. 
By definition, 1 ml of normal acid reacts with 1 milliequivalent of sodium carbonate 
(molecular weight IOC 05), or 0 05303 k of NojCX)*. To find the ratio to the normal, 
or normality of the acid, it is only necessary to find out how’ much sodium carbonate 
was actually ncutralue<I by I ml of the acid and divide this value by the milliequiva- 
Icnt, or norm, of sodium carbonate 

Tlius if t ml of acid was required to neutralize ■ g of sodium carbonate, the solu- 

s 

tion is TTT z — normal. 

t X O0.J.TO3 

If the end point was overstepped it is ncce«!saty to know the rchative strengths of 
the acid and base u«o<l in tlie titration Assume that by titration it was found that a 
ml of IICI - b ml of NaOII. 
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ThenlmlNaOH^ JmlofHa. If, in the titration of s g of sodium carbonate, 

6 

p ml of HCl and g ml of NaOH were used then t ~ p ~ - g and the above equation 

o 

holds. If Na is the normality of the acid, Nx X ^ “ ^b, the normahty of the sodium 
hydroxide. 

When many analyses have to be made as a part of the routine work of a commercial 
laboratory it is convenient to make the solutions of acid and base of exactly the same 
strength and to keep the solutions always exactly normal, or 0.1 N, or 0.5 N as the 
case may be. Since it is not practical to concentrate a large volume of solution to a 
definite volume by evaporation it is advisable to make up the solution so that it is a 
little stronger than desired. If N ia the demred normality and N the normality of 

j\r' 

the solution as first made up, then the solution is — as strong as deared and should 

iV 

be diluted accordingly. 

Thus if the solution is 1.023 N it is only necessary to add 23 ml of water to each 
liter of solution to make it 1 W; if it is 0.5012 AT, add 1.2 ml of water to each 500 ml of 
solution to make it exactly 0.5 N. Measure out the solution in a measuring flask 
calibrated for delivery and add the required volume of water from a buret. 

Place a label on each standard reagent and write on it the normal concentration 
with 4 significant figures and the date that the standardisation was made. This is 
desirable because solutions often change on standing as a result of evaporation, of 
the action of the reagent on the glass container, or of decompotition os a result of 
impurities present. 

For most purposes a normal solution is too strong, and 0.1 or 0.5 N solutions are 
more commonly used. Prepare these in exactly the same way but by using corre* 
spondingly smdler quantities of reagents. In titrating with 0.1 N solutions it is quite 
necessary to make allowance for the acid or base required to react with the indicator 
and important to keep all conditions the same, such as temperature, volume, and 
quantity of indicator used in duplicate titrations. Alkaline solutions should not be 
Used in burets with a glass stopcock. 

All volumetric titralions should be carried out in duplicate. Burets should be rinsed 
with at least three 10«ml portions of the liquid before being filled. They must be 
kept clean so that no drops form on the rides as they drain. In uring measuring 
flasks they should also be well cleaned (see p. 437), and when used as above, they 
should be rinsed with at least three 25-ml portions of the liqiud before being filled. 

Normal Nitric and Sulfuric Acid Solutions 

These are prepared in the same way as was described in the prepa- 
ration of normal hydrochloric acid. 


0.1 N Oxalic Acid 


1000 ml contmns 


H,C*O4-2Hj0 126.00 


An oxalic acid solution of this strength can be prepared by dissolving 
exactly 6.303 g of pure, crj'stallized oxalic acid in water and diluting 
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to a volume of 1 1 in a calibrated flask with water at the laboratory 
temperature (cf. p. 453). Titration with this acid should be made with 
phenolphthalein as indicator. 

Normal Sodium Hydroxide Solution 
1000 ml contains 1 NaOH = 40.01 g 

Dissolve about 45 g of commercial caustic soda in a little more 
than a liter of water. Allow the solution to stand for about 1 hour 
beside the hydrochloric acid against which it is to be titrated, in order 
that both solutions may be at the same temperature. Measure off 
about 40 ml of the solution from a buret, and titrate with normal hydro- 
chloric acid after the addition of 2 drops of methyl orange solution. 
The necessary computation was indicated on p. 455. The solution can 
be standardized directly (p. 484). 

Titration of Alkali Containing Carbonate with Phenolphthalein 
in Hot SolxUions 

To the alkaline solution introduce 2 drops of phenolphthalein in- 
dicator and add, from the buret, hydrochloric acid of approximately 
the same strength until the red color disappears. Heat the solution 
to boiling; the red color soon reappears. Cool by placing the beaker 
in cold water,* again decolorize with hydrochloric acid, and repeat the 
process until finally the red color does not reappear on boiling. This 
method of titration is tedious, but the results obtained are accurate. 

On titrating 0.1 acids with methyl orange as indicator, there is 
no sharp change from yellow to pink, as with normal and half-normal 
solutions, but first a brownish orange color is obtained which becomes 
pink on the addition of more acid. The correct end point is the change 
from yellow to yellowi.sh brown. Only when considerable carbonate is 
present will this change occur before enough acid has been added, for 
in this case the carbon dioxide exerts an action upon the methyl orange. 
The disturbing action of carbon dioxide is best prevented by first 
titrating in the cold, then heating to remove the carbon dioxide, again 
titrating the cold solution with acid. If only a small amount of car- 
bonate is present, it exerts no appreciable effect upon methyl orange. 

The titration of oxalic acid with alkali hydroxide solution which con- 
tains carbonate is best effected with phenolphthalein in hot solution. 
The process is carried out as follows: Measure out about 40 ml of the 
sodium hydroxide into a beaker, add 2 drops of phenolphthalein, and 

> With phenolphthalein the titration can be finished in the hot solution, but the 
end point is not so sharp. 
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run in oxalic acid from a buret until the solution is decolorized. Heat 
the solution upon the water bath until the red color reappears, decolor- 
ize with oxalic acid, and continue the process until finally the color does 
not reappear on heating the solution. This point is reached, however, 
only after the solution has been evaporated to diyness and the residue 
taken up with a few milliliters of distilled water. A slight red color will 
appear after this first evaporation, but it will be discharged by the frac- 
tion of a drop of oxalic acid and will not reappear upon a second evapo- 
ration. 

Remark. By heating the solution of oxalic acid over a free flame there is likely 
to be some decomposition. Sorensen thought that the trouble was caused by the 
following hydrolysis, 2 NasCj 04 -h HiO = NajCO* + 2HCOjNa + COj, but Tread- 
well showed that the following reaction takes place when the sides of the containing 
vessel are overheated, NajCaOi = NaiCOj + CO. 

Preparation of Sodium Hydroxide Solution Free from Carbonate 

This is best effected as proposed by Kiister.* Place about 40 ml of 
pure alcohol in a small round-bottomed flask, beat to boiling on the 
water bath, and add little by little 2.5 g of bright metallic sodium, 
freed from petroleum by rubbing between pieces of blotting paper. 
The reaction between the boiling alcohol and the sodium is at first 
very violent, and large amounts of hydrogen and alcohol vapors are 
evolved. During this time keep the flask covered with a watch glass. 
Gradually the reaction begins to diminish and finally stops. In the 
flask there will be a deposit of sodium alcoholatc and some undissolved 
sodium on account of the insufficient amount of alcohol. Add small 
quantities of water free from carbon dioxide,® a test tube full at a time. 
Boil off most of the alcohol and, in order to remove it completely, pass 
a current of air free from carbon dioxide through the solution until 
the odor of alcohol can no longer be detected. Cool qmckly, adding 
cold water free from carbon dioxide; immediately place in a liter flask, 
and dilute to the mark with pure water at 17-18®. This solution will 
give the same value when titrated with cold or with hot phenolphthalein.® 
With methyl orange correct results are obtained cold if the orange color 
is taken as the end point. 

Such a solution quickly absorbs carbon dioxide from the air. In 
order to prevent this, place it in a bottle as shown in Fig. 81, p. 

* Z. anorg. Chem., 13, 134 (cf. p. 485). 

* Pass air, freed from carbon dioxide by a soda-lime tube, through the boibng 
water. 

» Provided that the hydrochloric acid solution was prepared with water free from 
carbonate; otherwise too little acid will be necessary when the titration takes place 
in the cold. 
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which is connected with a soda-lime tube, N, and with the buret by 
means of the tubes p and r. The buret is filled through the valve at a. 
In this way a solution can be kept free from carbon dioxide for a long 
time. To determine whether the solution is free from carbonate, make 
two parallel titrations with phenolphthalein as an indicator, one in the 
cold and the other in the hot solution. If the results agree the solution 
is free from carbonate. Othenvise it is necessary to prepare a fresh 
solution or to make a corresponding correction in each analysis after 
determining the amount of carbonate present as described on p. 498. 

In many cases it is better to use a 0.1 N barium hydroxide solution; 
as long as it remains clear it is free from carbonate. 


Preparation of 0.1 W Barium Hydroxide Solution 


1000 ml contains 


Ba(OH)> + 8HaO 
20 


315.51 

20 


15.78 g 


The crystallized barium hydroxide of commerce always contains 
barium carbonate, so that the solution cannot be prepared by simply 
weighing out the necessary quantity and diluting to 1 1. Dissolve 
about 20 g of the commercial hydroxide in the necessary amount of 
distilled water within a large flask. Close the flask and shake until the 
crystals have completely disappeared and a light, insoluble powder of 
barium carbonate remains. Allow the solution to stand for 2 days, 
until the barium carbonate has completely settled; siphon it off into a 
bottle through which a current of air free from carbon dioxide has been 
passed for 2 hours previous. Connect this bottle with a soda-lime tube 
and ^Nnth a buret as sho^Nii in Fig. 81, p. 485. For the titration, place 50 
mi of 0.1 iV hydrochloric acid in an Erlenmeyer flask, add a little phenol- 
phthalein, and titrate wath the barium hydroxide solution. The nor- 
mality found should be written upon the label. It is not advisable 
to make the solution exactly 0.1 for it usually becomes turbid on 
diluting. 


A. Alkalimetry 

1. Determination of Alkali Hydroxides 

Rule. If the substance to be analj'zcd is a solid, dissolve an ac- 
curately weighed quantity in cnougli water to make the solution of 
alKJut the same concentration ns that of the acid to be used in the 
titration. If n solution of an alkali hydroxide in water is to be ana- 
lyzed, determine llie si>ecific gravity of the solution, then dilute accord- 
ingly. 
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(a) Deierminaiion of Sodium Hydroxide in Commercial 
Caustic Soda 


For the titration 0.5 N hydrochloric acid solution can be used. As 
sodium hydroxide absorbs carbon dioxide from the air it is difficult to 
get a good sample. Place the material in a weighing beaker and weigh 
out a sample of 4-0 g into a liter measuring flask. Dissolve in water 
that has been freed from carbon dioxide (p. 490), and dilute the cold 
solution up to the mark. Mix, measure out 100-ml aliquot portions 
for the titration with methyl orange as indicator. 

Computation. If 5.001 g were taken for analysis and in the titration 
of the aliquot 24.18 ml of 0.5 N acid were used, the percentage purity 
of the sample can be computed as follows: 

1 ml of 0.5 N HCI = 0.02000 g NaOH (NaOH = 40.01) 


Therefore, 


24.18 X 0.02000 X 100 
0.5001 


* 96.72 per cent NaOH 


In this particular case, note that the volume of HCI solution used is 
exactly one-fourth the percentage of pure NaOH present. This is 
because the weight of sample in the aliquot (0.5001 g) was 26 times 
the value of 1 ml of 0.6 N acid in terms of NaOH. The practice of 
using an original weight such that the final computation can be done 
mentally is very common in commercial work. 


(6) Determination of Sodium Hydroxide Present in Caustic 
Soda Solution 

Assume that caustic alkali solution of d 1 .285 is to be analyzed. A 
table in the back of this book shows that the solution should con- 
tain 25.8 per cent of NaOH by weight. One milliliter of solution should 
contain 1.285 X 0.258 = 0.3315 g NaOH. 

If it is desired to know the percentage by weight of sodium hydroxide 
(or its equivalent, as base) present, weigh out about 3 g uf solution into 
a small beaker, add 50 ml of water, and titrate with 0.5 N acid, using 
methyl orange as indicator. 

If it is desired to know the weight of NaOH per milliliter, measure out 
25 ml of the caustic soda solution, dilute with water at the laboratory 
temperature to 1000 ml, mix, and use 100 ml for the titration. 

Remark. The titration of alkali hydromdes with methyl orange as an indicator 
will only give correct results when the alkali hydroxide is free from carbonate, which 
%vith commercial material is never the case. The above results are too high, for 
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they represent the total amount of alkaB, i e., the amount of NaOH + NajCOj, 
though the latter is expressed in terms of NaOH. For an accurate determination 
of alkali hydroxide in the presence of alkali carbonate, see p. 498. 

(c) Delermination of Ammonia in Aqueous Ammonia 


The procedure is the same as under (6). 

(d) Determination of Ammonia in Ammonium Salts 


Weigh out 1 to 2 g of the ammonium salt in the flask K (Fig. 82, 
p. 494), dissolve in about 200 ml of water, and treat tvith 10 ml of a 
iioiled solution of 10 per cent caustic soda. Distil until no more NHs 
is being evolved, as shown by testing 10 ml of the last distillate with 
litmus or turmeric paper, and receive the distillate in a known volume 
of 0.5 N acid in the receiver V or in a saturated solution of boric acid, 
as described on p. 494, In the latter case the boric acid prevents vol- 
atilization of NHa from the receiver but it is too weak an acid to affect 
the indicator in the following titration. Titrate the excess of acid 
uith 0.5 N caustic alkali, in the presence of methyl orange or methyl red 
ns an indicator if a knoum volume of mineral acid was used in the re- 
ceiver, or titrate the ammonium borate uith 0 5 iV HCl if boric acid was 
used 

Computation. 17.03 g of commercial ammonium sulfate was dis- 
solved in 500 ml of water and one-tenth of tlie solution (1.703 g) placed 
in the flask. The distillate was caught in CO ml of 0.5 N HCl and the 
excess of acid reacted wth I ml of 0.5 N NaOH. Since the equivalent 
weight of NHj is 17.03 there is present 


(GO - 00.008515 X 100 
1.703 


' per cent NHj 


Kieldahl Method. The Kjcldahl method for determining nitrogen in organic 
fiihstancca consists in converting the nitrogen into ammonium acid sulfate while 
decomposing the org-anic matter r\ith boiling sulfuric acid and some catalyzer. For 
ptudent work when the class is large, a sample of blood meal mixed with flour is suit- 
able for this nn-alysis. 

After the organic matter ha.s been decomposed completely, the solution is made 
nlV.aline with sodium hydroxide, lilwraling ammonia which is distilled into a measured 
volume of ptand.-irdizcd acid solution or Into boric acid solution. The excess of the 
ftandardired acid is finally titrated with standard sodium hydroxide with methyl red 
fl.s an indicator or the ammonium borate is titratcil directb' with standard acid 
(cf p 409) One milliliter of normal acid neutralizes 0 014 g of nitrogen in the form 
of ammonia 

Tlic method h.a.s undergone much modifiration from time to time in order to include 
in the results nitrogen which is not ea.«Uy reduced to ammonia. Tims to include 
nitrogen prrvnt as nitrate it is customary to add 0 01 g of salicylic acid for each 
milliliter of conccnlratod sulfuric acid used 
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To test for nitrate in the presence of organic matter, heat a little of the sample 
with 10 ml of water. Place 1 ml of concentrated sulfuric acid in a porcelain crucible 
and dissolve in it 2-3 mg of carbazole (diphenylimide, CsHs-NH-CeHs). Add, with 
stirring, a little of the aqueous solution to be tested for nitrate; a deep green color 
shows the presence of nitrate (disregard a slight coloration). If nitrate is present, 
digest the sample with 30 ml of concentrated sulfuric acid containing 1 g of salicylic 
acid. Mix by shaldng, and allow to stand 30 muiutes. Then add in small portions 
5 g of powdered Na2S:0*‘5Hj0 and heat 5 minutes Cool under running water, add 
the catalyzers, and continue as in the absence of nitrate. 

Procedure. Weigh out 0.35 to 3.5 g of finely ground substance into 
a 500-mI Kjeldahl flask, ^ add 10 g of powdered potassium sulfate, 0.2 g 
selenium, and 20 to 25 ml of concentrated sulfuric acid. Shake to mix 
the contents of the flask; plane over a hole in an asbestos board on the 
ring of a lamp stand with the flask inclined at an angle of about 60'’. 
Heat below the boiling point until there is no more frothing, adding a 
little paraffin wax if the frotlnng is violent. Take care to use a small 
flame protected by the asbestos 
board so that the flame does not 
touch the flask except where the in- 
side is wet with acid. Gradually in- 
crease the heat until the decomposi- 
tion is complete and the solution is 
nearly colorless. Boil gently for 
about 30 minutes, allow to cool, and 
connect vnth another flask and a 
condenser through a splash trap as 
shown in Fig. 82. The flask on the 
right contains water from which 
steam is generated. When heated in 
this way the solution in the other 
flask can be boiled without bumping. 
The side-armed distilling flask shown 
between the flask and the condenser 
acts as an efficient splash trap and 
prevents any spray containing 
Pia. 82. NaOH from being carried over 

mechanically into the receiver. In 
the receiver (a 250-ml Erlenmeyer flask) place 50 ml of 5 per cent 
boric acid solution. Dilute the HsSO* solution with about 200 ml 

* Kjeldahl flasks can be obtained which are suitable both for the original digestion 
with the acid and for the subsequent dU>rillatton. If a smaller Kjeldahl digestion 
flask is used, rinse the solution into a larger flask before adding the sodium hydroxide 
to make the solution alkaline. 
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of water, poured through the funnel of the flask, and add sufficient 
12 N NaOH to make the solution basic (80 ml should be sufficient). 
Distil over about 150 ml of liquid by boiling the water in the flask shorni 
on the right. This boiler should have a safety tube extending from the 
bottom of the flask to at least a foot above the neck. The boric acid in 
the receiver helps to retain the NHs, but the acid is so weak that the 
ammonium borate formed titrates exactly as if it were free ammonia. 
After the distillation, remove the receiver, wash down the condenser 
tube, add the washings to the contents of the receiver, and titrate with 
standard HCl solution to a methyl red or better bromocresol purple end 
point. The equivalent weight of N = 14. NH? + H+ NH4'^ or 

(NHOsB^O: + 2H+ + 5 H 2 O 2 NH 4 + -b 4H3BOa 

(e) Tilralion of Pyridine Basee^ 

1000 ml N acid » CtHiN =• 79.05 g pyridine 

The pyridine bases are so weak that they cannot be titrated with 
ordinary indicators. If, however, an aqueous pyridine solution is 
treated with an aqueous solution of ferric chloride, the iron is precipi- 
tated as ferric hydroxide: 

Feds + SCjHiN + 3HOH = SfCsHsN, HCl) + FeCOH)3 

If normal sulfuric acid is very carefully added with constant stirring 
until the precipitate redissolves, each milliliter of the acid required 

Avill correspond to = 0.07905 g piiidine. 

Procedure. Dissolve 5 ml of pyridine in 100 ml of water, treat 
25 ml of the resulting solution with 1 ml of 5 per cent aqueous ferric 
chloride solution, and titrate the precipitate of reddish brown ferric 
hydroiddc with normal sulfuric acid until completely dissolved. 

2. Determination of Alkali Carbonates 

Alkali carbonates can be titrated in the cold by using methyl orange 
tia an indicator, the end point being taken as the change from yellow 
to reddish orange. BTien fifth-, half-, and normal acids are used this 
is the correct end point, but with tenth-normal acids this change is 
obtained a little too soon, for large amounts of carbonic acid exert a 
slight action upon the indicator. In this ca.se the difficulty is best 
overcome b y titrating the solution until the orange color is obtained 

> IL E. Schulrc, Dcr , 20, 3391 (18S7). 
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then heating to boiling to expel the carbon ^oxidC; cooling, and again 
titrating until the now yellow solution become orange again.^ With 
phenolphthalein, accurate results may be obtained by titrating the hot 
solution (cf. p. 489). According to Warder,* sodium bicarbonate solu- 
tion reacts neutral toward phenolphthalein in the cold, so that when 
a sample of sodium carbonate is titrated in the cold, with phenolphthal- 
ein as an indicator, an end point is obtained when the carbonate is 
changed to bicarbonate;® 

NasCOa + Ha = Naa + NaHCOa 

If the acid is allowed to run upon the carbonate solution, a part of 
the carbon diotide from the sodium bicarbonate is likely to be lost, 
so that too much acid must be added before the end point is reached. 
On the other hand, correct results may be obtained if the titration is 
carried out slowly at 0® in the presence of NaCl (cf. p. 472) and with 
the solution gently and continuously stirred to prevent local concen- 
tration of the acid. This is important, for in this way a convenient 
method is obtained for dotermii\ing the amount of hydroxide in the 
presence of carbonate. 


Analysis of Soda Ash 

Soda aab. is the trade name for anhydrous sodium carbonate. The following 
procedure is applicable to the analysis of any alkali carbonate. It con also be used 
for an alkollne-earth carbonate but then it b necessary to add an excess of acid and 
titrate back with sodium hydroxide solution. As we have seen in the discussion of 
indicators, carbonic acid is such a weak acid that it has practically no effect upon 
methyl orange. The primary ionization of carbonic acid, however, furnishes hydro- 
gen ions sufficient to make phenolphthalein assume its colorless form. With methyl 
orange as indicator, sodium carbonate, Na»COj, can be titrated as if it were two 
molecules of sodium hydroxide, both stages of the following decomposition taldng 
place before the solution is acid to methyl orange: 

COj” +H*-»HCOr 
HCOr -f -» HiO + COi 

With phenolphthalein in the cold, an end point is obtained when the first stage only 
has taken place. 

With an insoluble alkaline-earth carbonate, on the other hand, the carbonate 
does not begin to dissolve until the solution is more acid than corresponds to the 

1 KUster recommends that, in titrating carbonates with methyl orange, a blank 
experiment be made to see how much effect an equal amount of water saturated 
with carbon dioxide has upon the same amount of indicator solution. (Z, anorg. Chem., 
13, 140.) 

»Z. anal. Chan , 21, 102 (1892). 

• Z. anorg. Chem , 13, 140. 
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phenolphthalein end point, so that a mbrture of soluble Ba(OH)j and insoluble 
BaCOi can be titrated with acid and an end point obtained as soon as the Ba(OH)* 
has been completely neutralized provided that phenolphthalein is the indicator. 
With methyl orange, on the other hand, a permanent end point will not be reached 
until all the insoluble carbonate has dissolved. 

Procedure. Weigh out into 250-ml Erlcnmeyer flasks, two samples 
of about 1 g each. Record the weights to four significant figures.* 
Fill a glass-stoppcrcd buret with standardized hydrochloric acid and a 
plain buret with standardized sodium hydroxide. Record the initial 
readings in the notebook to the nearest 0.01 ml. 

Cover the sample with 25 ml of water and add 2 drops of methyl orange 
indicator solution. Run in acid slowly until the indicator turns dis- 
tinctly red, rotating the contents of the flask. With an insoluble 
carbonate, it nill be necessary'’ to add a few milliliters of excess acid. 
When all the carbonate is decomposed, wash don-n the sides of the flask 
and carefully add sodium hydroxide from the buret while keeping the 
liquid in the fla.sk in motion. Stop adding the hydroxide as soon as the 
liquid becomes distinctly yellow. Finally add acid dropwiso until the 
woll-mbced solution shows a faint change toward the pink. In order to 
determine the end point accurately, the beginner should have two com- 
parison solutions both containing the same amount of indicator as used 
in the analysis and approximately the same volume as at the end of the 
titration. For one solution have the indicator in distilled watcrj the 
color will be yellow, bccaa«o water reacts basic to methyl orange. For 
the other comparison solution, add a drop of the standardized acid, or 
just enougli to change the methyl orange color toward the pink. This 
shade should be matched in the titration.* 

From the total volume of hydrochloric acid used, deduct the volume 
of hydrochloric acid corresponding to the sodium hydroxide added, and 
this will give the volume of hydrochloric acid actually required to react 
with tlic weight of the c.arbon.atc 0 .^ 011 . The millicquivalent weight of 
Na;COj in thi.s <letcrmination is the molecular ucight divided by 2000; 
the F.'imo i.s true of NajO. 


‘.‘vc p, 2f). rrMnlins PiKnifiMnt f>Kurr^ In Rcnpral, no more significant figures 
sliontj t)c uvni in nnaJyw'* th.an Uic accuracy of tlic result HaiTant.<<. In report- 
inj* rr«ult.', tlic next to the lx««l figure kept sbould not vary by more than two units. 

» ll w alv> well to have as much neutral sodium chlondc present as will be formed 
by the titration. 
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3. Detenmnation of Alkali Carbonate and Hydroxide in tbe Presence 
, of One Another 

Method of C. Winder 

Of the many methods ■which have been proposed for this determina- 
tion that of Winkler is the best. 

In one portion determine the total amount of alkali present by titra- 
tion with acid, using methyl orange as an indicator, and determine 
the hydroxide in a second portion as follows: Add the solution from a 
pipet to enough barium chloride solution to leave the solution about 
0.1 N in Ba++ after all the carbonate is precipitated; the following re- 
actions take place : 

NaaCOs + BaCU = 2NaCl + BaCOj (insoluble) 

2NaOH + BaClj = 2NaCI + BaCOH)a (soluble) 

Add phenolphthalein and titrate slowly with hydrochloric add with 
constant stirring; decolorization is effected as soon as the hydroxide 
is neutralized before any barium carbonate is dissolved. The amount 
of add used corresponds to the amount of hydroxide originally present. 

4. Determination of Alkali Carbonate in the Presence of Either 
Alkali Hydroxide or Alkali Bicarbonate 

If a solution of sodium hydroxide is titrated with tenth-normal hydrochloric acid, 
the reaction is practically complete at about pH = 11. When soium carbonate, 
NajCOj, is titrated ■with tenth-normal hydrochloric acid, it is completely changed to 
NaHCOs at about pH = 10 and the sodium bicarbonate is changed to chloride at 
about pH =* 4. It happens, fortunately, that the color change with phenolphthalein 
takes place after the sodium hydroxide has been completely neutralized and just after 
the carbonate has been converted to bicarbonate. Methyl orange, on the other hand, 
does not show an acid reaction until the sodium bicarbonate is changed completely 
to sodium chloride. 

OH--bH+ — H,0 1 . , wi. , • 

HCO "1 PO'ot with phenolphthalein 

HCO," + -♦ HjO + CO* I additional reaction with methyl orange 

In carrying out the analysis it is important to make sure that there b no loss of 
CO* before the first end point is readied; the solution must be cold, the acid roust 
be added dowly, and each portion must be stirred in well before fresh acid is added. 

Procedure. Weigh out 5 g of the sample to four significant figures, 
dissolve in water, and make up to exactly 500 ml in a measiuing flask. 
Mix well by pouring back and forth into a beaker at least four times, 
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nnd take 25-ml portions oi the solution mth a pipet for the further 
nnali'sls. 

To one portion, add some phenolphthakm indicator, chill hy placing 
the fla'k in ice water, and titrate slowly with 0.1 N hydrochloric acid 
while stirring constantly. Titrate to match the rose color obtained by 
adding phcnolphthalein indicator to a solution of approximately the 
same concentration of pure sodium bicarbonate. Let Ti represent the 
milliliters of acid required to decolorize the solution. 

To another portion add methyl orange nnd titrate till the color of the 
solution l)cgins to change from yellow to pink. Let Ts represent 
the total milliliters of acid use<l to make the solution acid to methyl 
orange. 

Computitioa. (a) If T* more than twice m large as 7*i, the original sample is a 
mixture of carbonate and bicarbonate, (fc) If 7** is less than twice ns large as Tt the 
sample contains carbonate nnd hj'drotidc. 

(a) Now n moles of COr* react with n moles of !!♦ in the phenolphtlwlein titra- 
tion and with 2 n moles of 11* in the methyl orange titration; m moles of ilCO*" 
react w'ith no acid in the first titration and with m moles of 11* in the second titration. 
In a mixture of n moles of COr* and m moles of HCO,*» when Ti ml of A^norm.al 
IIG b u.sc<l in the phcnolphttiilcin titration and Tt ml of acid in the methyl orange 
titration: 


Tj X A' - n •• number of millimoles of CO|"" 

{Tt - 2TdS - w • Qumltcr of miDimoIcs of HCOi" 


PO If r» is less ih.sn twice ns large os 7*,. the original sample b a mixture of alkali 
liydruxide and carbon.atc: 

{Tt — Til.V - numlwr of millimoles of CO|“" 

PTi — T’l) X A’ “ numlicr of millimoles of Oil* 


Ifote. TliU nclhfsl of nn.aljTK, which applies to the anab*«is of alkali carlionatc, 
hydrotidr. an*! bjrarl»r.n.itr mixtures but not to mixtures of alkaline-earth carbonate 
with hj-drtixKle and l-irarl-^nate, is not f«o ratisfaetor>' ns Winkler'a method which 
deprnds upon the titration of one r.nmple with methyl orange as indicator and of 
another Minj.!e with phenoIpiiUialrin as ifHlicator after treatment with liarium 
el.lorvlc. which prreipit.itrs liaftiim carlmnste m^luiion containing WuWc alkali 
or alUline-f-irth Imlmxide in tl»e presenre of tn»o?u‘* all.aline-e.arlh rarlxinate 
can »-* titrateil with an<l ami the plieriolphthalein end point ot.tainetl xt joon as tlie 
liidonidc l.a* lecn neutnUirel roirplrMx and l*-fofT any of the in-oluMe earlmnate 
d.'cjxrs ^^|^h tte-lhxl orange. howrxTf, the end p„inl is not reachfsl until all the 
all all -.e-earth rafle.r.»te has di'wilxTs! Tl-e raHe,n.ste dia-ohrs x-rry rlowly 
lt.e Kit, It IS tlierefijr. lo ad I an exrr-ss of acid nnd. then, when 
all t^.e alU’.-ne.eirth rafi.^ate it Utrk to a r.vtln |’ orangi 

tc*I p^f.t 
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6. Determination of Alkaline-Earth Hydroxides 

Titrate with phenolphthalein as indicator to a colorless end point. 

6. Determination of Alkaline-Earth Carbonates 

Cover the carbonate wth 25 ml of water, add an excess of the stand- 
ard acid, boil to remove the carbon dioxide, cool, and titrate the excess 
of acid with alkali and in the methyl orange as indicator 

7. Determination of Alkaline-Earth Oxide together with 
Alkaline-Earth Carbonate 

This analysis is based upon the fact that calcium carbonate, as well 
as calcium oxide, neutralizes a solution which is acid to methyl orange 
and changes the color of the indicator. One mole of CaCOs reacts with 
2 moles HCl before the solution is acid to methyl orange. Toward 
phenolphthalein, calcium oxide is basic but calcium carbonate is not, 
and tho end point is reached when all the calcium oxide is neutralized 
and the calcium carbonate begins to dissolve. 

Suppose, for example, that it is desired to determine the amount of 
oxide and carbonate in a sample of “ quicklime.” Break up the lime 
into pieces about the size of a pea, weigh out 14 g, and slake with boiled 
water. Wash the paste into a 500-ml flask and dilute to the mark 
with water free from carbon dioxide. After thoroughly mixing, trans- 
fer 50 ml of the turbid liquid to a second 500-ml flask and again dilute 
to the mark. 

Determination of the Total Calcium. To 50 ml (0.14 g of substance) 
of the last solution add GO ml of 0.1 N hydrochloric acid and heat until 
there is no further evolution of carbon dioxide. Cool, and titrate the 
excess of acid with 0.1 N sodium hydroxide solution, using methyl 
orange as an indicator. For this purpose t ml of methyl orange is 
required; consequently 60 — < ml of 0.1 iV acid was necessary to 
neutralize the calcium hydroxide and calcium carbonate in the 50 ml 
of the solution taken for analysis. 

Determination of the Calcium Oxide. Titrate a second portion of 
tlie freshly shaken solution with 0.1 N hydrochloric acid added drop 
by drop to the cold solution, with phenolphthalein as an indicator. 
Assume that ti ml of the acid was necessary to neutralize the calcium 
oxide. 

Consequently, for the neutralization of the CaCOs + CaO, 60 — ^ 
ml of 0.1 N acid was required, and for the CaO, U ml of 0.1 N acid 
was necessary. For the neutralization of the CaCOs, therefore, 
GO — (i -4- h) ml of 0.1 N acid was nec^sary. 



ANALYSIS OF (JOICIOBlIE AND HYDRATED LIME 


SOI 


50 ml solution (0.14 g lime) contains: 

(a) h X 0,002803 g CaO, (6) [60 - (< + A)J X 0.5003 g CaCOs, and 
the sample contains 


and 


U X 0.2805 
0,14 


= 2ti per cent CaO 


[60 ~(t + it)] X 0.5005 


0.14 


= per cent CaCOj 


The above method of titration fails to take into consideration the 
fact that commercial lime contains more or less magnesia. As a result 
of cooperative analyses made by the U. S. Geological Survey, the Bureau 
of Chemistry, and the Bureau of Standards, using seven methods of 
analysis, Miss Alice I. "Whitson published the following modified Scaife 
method for the 


8. Determination of Available Lime in Quicklime and Hydrated Lime 
"U^cigh 1.402 g of the carefully prepared and finely ground lime (pass- 
ing 100 mesh) into a 400-mI beaker, add 200 ml of hot water, cover, 
heat carefully, and then boil for 3 minutes. 

Cool, wash down the cover glass, add 2 drops of phenolphthalein 
and titrate witii A' hydrochloric acid, adding the acid dropw’ise as 
rapidly as possible and stirring vigorously to avoid local excess of acid. 
When the pink color disappears in streaks, retard the rate of addition 
of acid somewhat, but continue until the pink color fades throughout 
the solution for 1-2 seconds. Note the reading and ignore the return 
of color. 

Repeat the experiment, substituting for the 400-ml beaker a 1-1 
graduated flask carrying a onc-hole stopper fitted with a short glass 
tube drawn out to a point. Cool, and add dropwise, with vigorous 
stirring, about 4.5 ml less acid than before. Call this number of milli- 
liters used A. Grind up any small lumps with a glass rod flattened 
at one end, dilute to the mark with freshly boiled distilled water, close 
the flask with a solid stopper, mLx thoroughly for 4-5 minutes, and let 
settle for half an hour. 

Pipet off a 200-ml portion, add phcnoipbthalein, and titrate slowly 
with 0.5 N hydrochloric acid until the solution remains colorless on 
standing 1 minute. Call this additional number of milliliters B. Then 
the percentage of available CaO »= 2/1 -f 5B. 

Tlie computation is thus simplified because the weight of sample 
taken is exactly 50 times the millicquivalent weight of calcium oxide 
(0.02801 g). If any other W'cight of sample, s, is taken and hydro- 
chloric acid solutions of A''i and A'* concentrations are used instead of 
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exactly normal and half-normal acids, the computation is as follows: 


X iVi -f- 5B X X 0.028dt X 100 
s 


per cent CaO 


9. Determination of Alkaline-Earth Bicarbonates 

This determination finds a practical application in the determination 
of the temporary hardness of water. 

The harness of a water is caused by the presence of alkaline-earth 
salts, either those with strong acids (CaSO*, MgClg) or bicarbonates. 
A hard water is recogm 2 ed by the fact that it gives with a clear soap 
solution a turbidity or even a precipitate, and considerable soap must 
be added before a lather is obtained on shaking. Usually calcium 
salts, and chiefly calcium bicarbonate, predominate in such a solution, 
and hardness is usually expressed in parts of calcium carbonate (or 
calcium o»de) in 100,000 parts of water. 

If the solution contains 1 part of calcium carbonate in 100,000 parts 
of water it is said to possess 1 degree of hardness (French); if such a 
water contains n parts of CaCOa in the same quantity of water it pos- 
sesses n degrees of hardness. In Germany the hardness is e.Tpressed 
in parts of CaO per 100,000 parts of water; in England the hardness 
is expressed in groins of calcium carbonate per Imperial gallon. In 
the United States hardness is xisually e.xpressed in grains of calcium 
carbonate per U. S. gallon, which is five-sixths as large as the Imperial 
gallon. One degree of hardness on the French scale = 0.56 degree on 
the German scale = 0.70 degree on the English scale » 0.585 degree 
on the U. S. scale. When magnesium salts arc present, these are ex- 
pressed in terras of the equivalent amounts of CaCOs or CaO. The 
error caused by tins assumption is not great, for the amount of mag- 
nesium present is usually small compared with the amount of calcium. 
If a water containing calcium bicarbonate and calcium sulfate is heated 
to boiling, the former is decomposed with the precipitation of calcium 
carbonate: 

CaCHCOa)? - H,0 d- GO* -b CaCO* 

while the calcium sulfate remains in solution. In other words, the 
hardness produced by the presence of alkaline-earth bicarbonates dis- 
appears on boiling, and is designated, therefore, as temporary hard- 
ness ” to distinguish it from " permanent hardness,” which is usually 
caused by alkaline-earth salts of the stronger adds, usually calcium 
sulfate. The sum of the temporary and permanent hardness of a water 
represents the total hardness. 
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According to O. Hehner, the temporary as well as permanent hardness 
may be determined accurately by an alkalimetric process. 


(a) Determination of Temporary Hardness 

Place 100 ml of the water to be examined in a white porcelain evapo- 
rating dish, add a few drops of methyl orange, and titrate the solution 
Avith O.I N hydrochloric acid until the first change from yellow to orange 
takes place. From the amount of hydrochloric acid used the amount 
of calcium carbonate present can be calculated. 


Example: 

100 ml water required 2 5 ml of 0 1 AT hydrochloric acid 


CaCO, 

As 1000 ml of 0 1 A hydrochloric acid neutralizes, — — = 5 003 g CaCO», 1 ml 

of 0.1 N hydrochloric acid will neutralize 0 005005 g CaCOa and 2.5 ml of 0.1 N 
hydrochloric acid corresponds to 0 005003 X 3 5 » 0.0125 g CaCOa. 

Then if 100 ml of water contains 0 0125 g CaCOa, 100,000 ml of water will contain 
12.5 g CaCOa. This corresponds to 12.5 French degrees or 7.01 U. S. degrees. 


(6) Delerminalion of Permanent Hardness 

Treat another portion of 100 ml of the water with an excess of 0,1 N 
sodium carbonate solution, evaporate on the water bath to diyness, 
and take up in a little freshly boiled distilled water. Filter off the 
residue and wash 4 times with hot water. Allow the filtrate to cool 
and afterw'ards titrate with 0.1 N hydrochloric acid, using methyl 
orange as indicator. If the amount of hydrochloric acid used for the 
titration is deducted from the total amount of sodium carbonate added 
to the water, the difference represents the amount of sodium carbonate 
required for the precipitation of the alkaline-earth salts of the strong 
acids. 


Example. 100 ml of water 4- 10 ml of 0.1 N NajCO* were evaporated to dry- 
ness, the residue extracted with water, and the filtrate titrated ^^ith 0.1 N hydro- 
chloric acid; this required 8 7 ml of HCl. Consequently, for the precipitation of 
the calcium sulfate 10 - 8.7 = 1.3 ml of 0.1 N NatCOi was necessary, which corre- 
sponds to 1.3 X 0 005 = 0.00G5 g CaCO, per 100 ml water and G 5 g CaCO, per 
100,000 ml of water. 

The permanent hardness amounts to 3.8 U. S degrees. 

Remark. The above methods of Hehner for the determination of hardness will 
give reliable results only when the water contains no alkali c.irbonates in solution 
as is usually the case with drinking waters For the determination of the amount 
of alkaline earth present in many mineral tcaters it is obrious that these methods 
cilnnot be used 
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10. Detennination of Alkaline-Earth Salts of Strong Acids 

The detennination is practically the same as was indicated above. The alkaline- 
earth salt is precipitated by means of an excess of titrated sodium carbonate solu- 
tion, and after filtration this excess is determined by titrating back with acid. 

Procedure. A solution containing calcium chloride and hydrochloric 
acid is to be analyzed. Place it in a measuring flask, treat w'th a few 
drops of methyl orange and wth sodium hydroxide solution until the 
neutral point is reached; after this add an accurately measured amount 
of sodium carbonate solution. Heat the solution until the precipitated 
calcium carbonate becomes crystalline, allow to cool, dilute to the mark, 
mix, filter through a dry filter, and titrate the excess of sodium carbon- 
ate titrated in an aliquot part of the filtrate. From the amount of 
sodium carbonate required for the precipitation of the calcium the 
amount of the metal can be calculated. 

Remark. Other metals which are precipitated by sodium carbonate can be deter- 
mined in this way. 

Titration of Borates and Phosphates 

Boric acid, HsBOj, is such a weak acid that it cannot be titrated accurately with 
0.1 N alkali hydroxide. Its ioniralion constant is 6 X 10"“. It behaves as a mono- 
baric acid, and the salts are derived from metaboric acid, HBO», or pyroboric acid, 
HjBiOj, both of which are also very weak acids. Borax, NajBjO?, the best-known 
salt of pyroboric (or tetraboric) acid, can be titrated with acid mth methyl orange 
or methyl red as indicator according to the reaction; 

B 4 O 7 " + 2 H+ + 5H,0 -* 4H,B03 

Commercial samples of borax often contain some alkali carbonate or bicarbonate 
together with a small quantity of other borates. If the aqueous solution of borax 
is neutralized to methyl orange and then an organic compound containing more than 
one hydroxyl group is added such as glycerol, CsH»(OH)», mannitol, CeHsCOHlt, 
dextrose, CeHnOj, or invert sugar (a mixture of dextrose and its isomer levulose) a 
stronger complex acid is formed which can be titrated with alkali hydro.xide in the 
presence of phenolphthalein. Mannitol is very effective in this respect, and 0.5- 
0 7 g of it is sufficient for about 10 mflliequivalents of boric acid. 

If, therefore, a solution of pure NaiB.Or 13 titrated with HCl to a methyl orange 
or methyl red end point, two molecules of HCl will be required for each molecule of 
borax. If then the neutralized solution is treated with mannitol, glycerol, or invert 
sugar, four molecules of NaOH will be required to make the solution neutral to 
phenolphthalein. If, on the other hand, a fresh sample of the borax is dissolved and 
treated with mannitol, glycerol, or invert sugar, two molecules of NaOH will be 
reqiured to make the solution neutral to phenolphthalein- In other words, the 
equivalent weight of borax is NaiBiOr -f* 2 when it reacts with HCl to a methyl 
orange end point, and the equivalent wdght is the same when the acid is strengthened 
by adding one of the above-mentioned hydroi^ organic compounds and the titra- 
tion is then made with alkali hydroxide. v.^ " 
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this book estimate the approximate amount of acid present. Dilute a 
weighed amount of the acid so that the solution Tvill have approximately 
the same concentration as that of the alkali hydroxide to be used for the 
titration. The weighing can take place in a glass-stoppered weighing 
tube. Analyze by one of the following methods: 

1. Place an accurately measured portion of the diluted acid (20-25 
ml) in a beaker, add methyl orange, and titrate the solution with 
sodium hydroxide solution until a yellow color is obtained. 

2. Place the diluted solution to be analyzed in a buret, and titrate with 
it a defirute volume of normal alkali hydroxide solution. 

3. Titrate a definite volume of the diluted acid with 0.1 N Ba(OH)j 
solution or with sodium hydroxide free from carbonate, using phe- 
nolphthalein as an indicator.' 


Example. For the analysis 0.5 N NaOH was used. 

The hydrochloric acid analyzed had at 16* a density of 1.122, corresponding 
to about 24 per cent HCl by weight. 

One hund^ milliliters 0.5 A' sodium hydroxide is equivalent to 1.S23 g of HCi, 


and consequently 


1.823 


7.695 g of the above acid would be required to make 100 


ml of 0.5 N acid, if it contained exactly 24 per cent HCl. Weigh out about this 
quantity (say 8 g), and as the density of the solution is 1.122, this will require 

g 

« 7 mL Place 7 ml of the acid in a tved, glass-stoppcred weighing tube, 

weigh the tube and its contents, rinse the latter into a 100-ml measuring (lask, and 
dilute ndth distilled water up to the mark. After thoroughly midng, measure off 
25 ml of the acid and analyze by one of the above methods. If in an analysis the 
original weight of the acid amounted to 7.902 g and 25 ml of the diluted acid re- 
quired 26 80 ml of 0.5 N alkali, then 100 ml would require 25.80 X 4 « 103.2 ml 
of 0.5 N alkali, corresponding to 103.2 X 0.01823 = 1.881 g HCl. The acid, there- 
, , . 1.881 X 100 , 

fore, contains — — “ "3 6 per cent HCL 


Remark. Instead of weighing out the acid for the analysis, it can be measured 
and from the percentage by volume found the percentage by weight calculated. 
However, as the density as determmed by an aerometer is not very accurate, it is 
better to weigh the acid. If the density of the acid is taken with a pycnometer, 
using all necessary precautions (cL Kohlrousch, Leitfaden der praktischen Physih), 
it is a matter of indifference whether the acid used for the analysis is neighed or 
measured. 


2. Detennination of Total Acid in Vinegar 

Weigh a glass-stoppercd weighing tube to the nearest minigram. 
Add to it about 5 ml of vinegar, and reweigh. Transfer to a 200-ml 

* When phenolphthalein is used as an indicator in cold solutions the acids must 
■ be diluted tiith water free from carbonate- 
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Erlenmeyer flask, and dilute with cooled, boiled water until the color 
of the solution is not enough to interfere with a phenolphthalein end 
point. Add phenolphthalein indicator, and titrate with 0.5 N NaOH 
which is free from carbonate (see p. 485). Analyze three separate 
portions; the average deviation should not exceed 2 parts per 1000. 
Report the percentage of acetic acid (equivalent weight 60.05), and 
assume that this is the only acid present. 

3. Determination of the Acid Content of Fuming Acids 

Delermination of the Acid Content of Oleum (Fuming Sulfuric Acid) 

Highly concentrated acids must be always weighed and not measured 
volumetrically, in order to avoid loss by evaporation. The weighing is 
best accomplished by means of the Ltmgc-Rey pipet, shown in Fig. 83, 
but a glass-stoppered weighing tube can be used as in the analysis 
of vinegar. 

Remove the lower tube, introduce 0.5 ml of water, and weigh together 
with the drj' upper pipet, but leaving the two parts unconnected. 
Close the lower stopcock, open the upper one, and pro- 
duce a slight vacuum in the bulb by sucking through 
the upper tube and then closing the stopcock. Dip 
the dry point of the pipet into the fuming acid (if it is of 
solid pyrosulfuric acid, first melt it by warming slightly), 
and open the lower stopcock. As soon as the widened 
part of the pipet below the lower bulb b one-balf to 
three-fourths full, close the stopcock, taking care that 
none of the liquid reaches up to it. 

Carefully wipe off the acid on the outside of the pipet 
with filter paper; connect the two parts of the pipet and 
again weigh. The quantity of acid taken for the analysis 
should amount to 0.5-1 g. Dip the point of the pipet 
into about 100 ml of distilled water contained in a beaker, 
and, by opening first the upper stopcock and then the 
lower, allow the acid to run into the water. Rinse out the 
pipet, add the rinsings to the contents of beaker, add 
methyl orange, and titrate with 0.5 N sodium hydroxide. R^ 83 . 

Computation. Fuming sulfuric acid can be considered to be a solution of anhy- 
drous SO, in lltSOi ^ On treatment with water, the following reaction takes place: 

» Fuming sulfuric acid contains a little SO, but os its determination involves an 
lodimclnc titration it will not Iks considered hero. The analysis of fuming sulfuric 
ncid IS not a suitahle exercise for be^nners, but the method is described because the 
calculation should bo understood. 
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SOs + HjO = HjSO^. The titration irith NaOH, therefore, shows the total acid 
present, including that formed from the anhydride. lict p be the weight of the origi- 
nal sample and n the milliliter of iY-normal NaOH used. The total weight of H1SO4 
(equivalent weight 49) in the solution after the reaction with water U 
n X AT X 0.049 = p* 

Then pi — p is the weight of the water which reacted with the anhydrous SOj. 
Since 1 mole of H2O (18.02 g) reacts with 1 mole of SO* (80.06 g), evidently 1 g of 
HjO reacts with 80.06 -r- 18 02 = 4 443 g of SOj and pj — p grams of water are 
equivalent to 4 443 (pj — p) grams of anhydrous SOj. This value subtracted from 
the weight, p, gives the original weight of 

Fuming hydrochloric acid can be analyzed in the same way as fuming 
sulfuric acid, and the computation is simple. In the case of fuming 
nitric acid, it is best to add an excess of alkali hydroxide before adding 
the methyl orange and then titrate back with 0.5 N hydrochloric acid; 
in this way the decolorization of the indicator by the ever-present 
nitrous acid is avoided. 

4. Titration of Hydroxylamine Salts 

Hydroxylamine hydrochloride reacts neutral towards methyl orange 
and acid towards phenolphthalein. If phenolphthalein is added to an 
aqueous solution of the salt, and the titration is made with 0.1 N alkali, 
the end point will be obtained when the total amount of acid present 
has been neutralized by the alkali. It is impossible to determine the 
amount of free hydrochloric acid present when phenolphthalein is used, 
but it can be done mth methyl orange. Romijn" recommends for the 
titration of the acid a 0,1 N borax solution. 

5. Hydrofluoric Acid 

1000 ml normal alkali = HF = 20.01 g HF 

Hydrofluoric acid can be titrated with phenolphthalein as an in- 
dicator, but not with methyl orange. Measure out the acid into a 


1 This value 80.06 18.02, or SOj/HjO, where each formula represents a molecu- 

lar weight, is what is called a chemical factor. It represents the weight of SO* corre- 
sponding to a unit weight of H2O so that, if the weight of water is known, the corre- 
sponding weight of SO3 is obtained by multiplying the weight of water by this 
chemical factor. The chemical factor represenla the weight ratio of weight desired -?■ 
weight obtained, but it is necessary always to use equivalent quantities in such chem- 
ical factors Thus if 1 molecule of H2O reacted with 2 molecules of SO3, the chemical 
factor would be 2SO3/H2O. 

* Z. anal. Chem., 36, 19 (1897). This method has not been tested in the author's 
laboratory. 
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platinum dish by means of a pipet which is coated with beeswax, add 
an excess of sodium hydroxide free from carbonate, and titrate the 
excess of the latter in Iiot solution with an acid of known strength.* 

A neutral fluoride can l>o titratctl with fair accuracy by adding neutral 
ferric chloride solution until an end point is obtained ^ntli KCNS as in- 
dicator.* 

CNaF + FeCl, = NaaFcF« -f- SNaCl 

Considerable sodium chloride should be added to precipitate the com- 
plex salt. 

C. Fluosilicic Acid 

Tlic titration of this acid can take place nccardlng to either of the 
following reactions: 

I. H-SiFa + 2IvOII = K-SiFfl + 2HsO 
n. SiFa" + GOir =OF--f2HjO + Si(OH)i 

According to Equation I 
1000 ml nonnal KOII or BafOII), « 72.01 r D^iP, 

Trcadirdl's Method 

If fluosilicic acid is titrated in the cold u-ith potas-sium hydroxide in 
the presence of phcnolphtlialcin as indicator, a red color appears after 
ft lime but di-sappears later on nccotint of the excess alkali hydroxide 
reacting with K-SiFa to form OKF and SifOII)*. 

'Hiis l.^st reaction, however, fakes place so slow ly tliat it is impossible 
to obtain n distinct cntl jioinl. If the solution is diluted uith an equal 
volume of alcohol, however, then 2 or3 drops of phcnoIphth.sIcin added, 
the sccoiulary re.sclion is prevented and the acid can l)o litratcrl witli 
trnth-nonnal potassium or Ixirium hydroxide. Tlie inK>lul)Ic potas- 
f-ium or barium fluo^ilicate separaton out and is not acted uiton by an 
rxrt'-.s of the ftlLali, i<i th.at a end |>oinl is obtained as soon a.s all 
the IlfS^iFa h.as Ixvn clianged to KjSiF*. godiiim hy(lroxi<lc forms a 
w)lub!e Kilt so that the titration c.'innot Ik- made with tliLs reagent. 

JndiTfd Method oj VaifidiP 

IVnfield tfr-aled (he solution (o Itc titratorl with an excels of KCl 
dilutisl with ftn CKpial volume of nicohol, and then litratc<I llio hydro- 
» Cf trinlrirr. 7 . , 1W3, 33. 

//rr, 56. ittl (191.1) 

MVri .Vrv*. 35. 179 
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chloric acid set free in the reaction 

HjSiFe + 2KC1 = KjSiFe + 2HC1 

with tenth-normal sodium hydroxide solution and with cochineal as in- 
dicator. Methyl red is preferable to the cochineal. 

Remark. The precipitate of K^iF* produced by the treatment with KCl and 
alcohol can be titrated, as in the following method, with 4 molecules of alkali hy- 
droxide.^ 

KjSiF, + 40H‘ H^iOi + 2K+ + 6F“ 

According to Equation II 
1000 ml normal NaOH = 24 01 g HiSiF# 

(a) Method oj Sahlbom and Hinrichsen^ 

Titrate the solution at the temperature of the water bath with tenth- 
normal sodium hydroxide solution, using phenolphthalein as indicator. 

(6) Method of Schucht and M6ller^ 

Treat the solution to be titrated with an excess of neutral calcium 
chloride solution (25 ml of 4 W CaCU) and titrate* with tenth-normal 
sodium hydroxide, using methyl orange as indicator. The following 
reaction takes place in the cold: 

HjSiFe + 3CaCla + GNaOH = 3CaFi + GNaCl + Si(OH)4 + 2H20 

During the titration the solution remains clear, for the CaF 2 and the 
Si(OH) 4 remain in colloidal solution. Phenolphthalein should not be 
used as indicator, as it is hard to decide upon the correct end point. 

In the titration of salts of fluosilicic acid, how’ever, the titration must 
always be carried out with phenolphthalein as indicator: 

NajSiFe -f SCaCh + 4NaOH = SCaF^ + GNaCI + Si(OH)4 
In this case 

1000 ml of normal NaOH = 47.01 g of Na 2 SiF 8 

7. Detemdnation of Organic Adds 

Methyl orange cannot be used for the titration of organic acids, but 
phenolphthalein is suitable in most cases. If the ionization constant 
of the acid is known the approximate pH at the end point can be calcu- 

' Cf. HUemann, Z. anorg. Chem,, 61, 159 (1906); Travers, C. A., 16, 640 (1922). 

*Ber., 39, 2609 (1906), 

»Ber., 39, 3093 (1906). 
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Intwl (cf. p. 47G) and the appropriate indicator chosen (p. 463). If 
carlwnic acid is present at the same time, the titration can be made in 
a hot solution (cf. p. 489). It is best to dilute the organic acid mth 
water free from carl)on dioxide, add phcnolphthalein, and titrate with 
half-nonnal barium hydroxide in tlie cold. 

To iUustrale. It Is dc.'-ircd to analj'zc a sample of acetic anh^'dride. 
The only impurity that the distilled product is likely to contain is 
acetic acid, so that it is a question of determining the amount of acid 
and aidiydridc in the presence of one another. Such a problem can be 
solved only by an indirect analysis. Weigh out the mixture in a small 
gkiss bull) and drop it into an accurately measured volume of standaitl 
barium hydroxide .solution contained in a flask which is connected with 
a return-flow conden'or and a soda-Hme tul)c at the top. Heat gently 
until the anhydride has di‘i''Olve<l completely; it is thereby changed to 
acetate and the total quantity of acetate formed corresponds to the 
noutmlizalion of llic acetic acid oripnally present together with tliat 
formed by the hydrolysis of the anliydridc by the reaction 

(ciriC0):0 + n.o-*2ciiiCoon 

After the reaction is complete, add plicnolphthaldn indicator solution 
and titmte the exco-ss Ba(OII)i with O.I N IICI. 


Calculation: Firtl from tlir* rnillicfjinv.ilenta of ha'se 

ftddwl, tlip imlli(yiUJVftJont.s of acid uvsl; thU fives tlic millit^uivfilctits of B.-ifOII)* 
neutralized hy tlic ncctic arid tncltidinf lint orifinally prewnt unit hy that formed 
M n fr«tiU of llie loilndjris <tf the anhydride. Tliis iiuml>cr mtiltiplipd by 0.0C05 
(the equivalent «eiKhl nf CII,COOH) fives the total wrifht of ncctic acid neutral- 
ize! Call dm wnaht *7 Tlien if x U the weifht of aecUe nnhydride orifinally 
pre-ent, p - X in die weiRhl of the arctic zirid present in p r of the sample, and 

•JCIIiCOOIl 

(cn',co),<) ^ + 


.W-.d MrM Die nright ? in lirfer than the wrifht p l>crau«c one molecule of 
water han roml>me«l with each molecule of acetic anlij-dride. Tlic wtisht of nnhy- 
dndr, thrrrforr, in 


((:i i.co),o 

ir,t> 


(? - p) 


Tl.en if X K of azid y f of arrlic arij arc prt-«ent in p f of sample, we lxa^e 

X + y - p 

n? y - ^ tarctif a^i-l) 
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from which can be computed 


In this equation 

m 

and 


Remarks. 1. An indirect analysis such as this is not very accurate because the 
equivalent weight of acetic acid is 60.05 and that of acetic anhydride is 51 .05. Abso- 
lutely pure acetic anhydride yields only 1.18 limes its weight of acetic acid. Any 
error in determining the acetic acid content after hydrolysis is multiplied by about 
5.5 in determining the percentage composition of the mixture. 

2. Acetic acid anhydnde is also hydrolyzed by water at the ordinary tempera- 
ture. If a weighed amount of the substance is shaken with water in a flask until 
no more drops of anhydride are to be recognized and the acetic acid formed is then 
titrated with barium hydroxide, using phcnolphthalein as indicator, correct results 
are obtained If the water used is entirety free from carbon dioxide. It is always 
safer, however, to carry out the determination os outlined above. 



2ChH«0, 120.10 

CiHeOj 102.05 



8. Determination of Sulfurous Acid 

Por the determination of sulfurous acid by itself, the analysis is best 
accomplished, as recommended by Volhard, by an iodimetric process, 
i.e., it is oxidized to sulfuric acid. In many cases, however, it is neces- 
sary to titrate the sulfurous acid with alkali hydroxide (cf. p. 469). 
Methyl orange should be used as indicator, and only one hydrogen in the 
H2SO3 is titrated. 

Titration with phenolphthalein gives approximately complete neu- 
tralization, but the results are reliable only when an excess of neutral 
hydrogen peroxide is added, which oxidizes the sulfurous acid. 


9. Determination of Thiosulfuric Acid^ 

To a large excess of mercuric chloride (20 ml of the cold, saturated 
solution for each milUmole of NajSjOs) add a measured volume of 
sodium thiosulfate solution. Shake several times and allow to stand 
5 minutes. Thenlo prevent predpitation of HgO, add 30 ml of 4 N 
ammonium chloride solution, and titrate with 0.1 N sodium hydrotide 

1 W. Feld, Z. angew. Chem., 24, 290, 1161 (1911); A. Sander, tbtd., 1915, 9; 1916, 16. 
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and methyl orange as indicator: 

(а) 2 Na 2 S 203 + 2HeCl2 = 2HgSiOs + 4NaCl 

(б) 2HgS203 + 2 H 4 O - 2HgS + 2 H 2 SO 4 
(c) 2HgS -f- HgCIi = HgaSjCla 

If too little HgCIj is present, black mercuric sulfide precipitates and 
makes the titration difficult. 

Polythionates can be titrated similarly/ as the following equations 
show: 

2 K 2 S 3 O 6 + SHgCli + 4HjO == HgjS-CIj + 4KCI + 4HjS04 

2 K 2 S 4 O 8 + SHgCU + 4H*0 = HgjSsClj -f 2S + 4KCI -f 4H:S04 

According to Eliasberg,* the thiosulfates and polythionates can be 
determined by treatment with a measured quantity of alkali hydroxide 
solution and neutral hydrogen peroxide, boiling to complete the oxi- 
dation, and titrating the excess of base with 0.1 N acid. 

NaiSsOj + 4HaOs + HiO => NajSOi + 4H20 + HsS04 
Na 2 S 40 a + 7 H 203 4- 2HiO = NajSOi + CH 2 O + 3HjS04 

10. Detenmnation of Orthophosphoric Acid 

NaH 2 P 04 reacts acid toward phenolphthalein and neutral toward 
methyl orange; Na2HP04 is neutral toward the former indicator and 
basic toward the latter. Therefore, on titrating free phosphoric acid 
with alkali one of the following reactions T\ill take place : 

1. H 3 PO 4 4- 2NaOH = Na 2 HP 04 4- 2HaO (phenolphthalein), 

2. H 3 PO 4 4" NaOH = NaHiP 04 4- HaO (methyl orange). 

The first reaction is not altogether sharp, because pure NaaHPOi is 
hydrolyzed slightly, so that it becomes alkaline to phenolphthalein: 

Na2HP04 + HOH s=i NaHaPO* 4- NaOH 

To prevent this hydrolysis, the titration is best effected in a small 
volume of cold half-saturated sodium chloride solution (cf. p. 505). 

» Kessler, J. prakt Chem , 47, 42 (1849). 

*5er., 19,322 (1866). 
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11. Alkalimetric Detennination of Phosphorus in Iron and Steel 
1000 ml normal NaOH *« 1.349 g P 

Procedure for Carbon Steels and Alloy Steels Soluble in Nitric 
Acid. Use of Acid Ammonium Molybdate Reagent 

Plain Carbon Steel. Weigh 2 g of steel to the nearest centigram into 
a 300-ml Erleiuneyer flask; to this add 100 ml of approximately 4 N 
nitric acid, and insert a small, short-stemmed funnel into the neck of 
the flask. Heat until the sample is entirely dissolved and very little 
oxide of nitrogen is visible in the neck of the flask. Add 10 ml of 1.5 
per cent KMnOi solution and boil gently for 2 to 3 minutes. The purpose 
of the permanganate is to oxidize the dissolved carbide and to make sure 
that all thephosphorus isfully oxidized to phosphoric acid. If noprecip- 
itate appears, add more permanganate and boil again. Dissolve the 
precipitate of MnOs, and reduce theexcess KMnO^ by adding afew drops 
of sulfurous acid, a small crystal of ferrous sulfate, or some 5 per cent 
sodium thiosulfate solution. Add very little of the reducing agent at a 
time, but continue adding it, at short inter\'als, until the manganese 
dioxide is dissolved. If there is any appreciable silidous residue at this 
point it should be removed by filtration. Boil 2 minutes after the man- 
ganese dioxide has dissolved, and then cool to 40®. If the volume of 
the solution is leas than about 80 ml at this stage of the analj’sis, more 
4 N nitric acid should be added. Add 40 ml of 6 iV ammonium hydrox- 
ide in portions of 25, 10, and 5 ml, and rotate the flask until the precip- 
itated ferric hydroxide rcdissolves. It is important that the solution 
should DOW assume a pale straw color and not appear at all red from 
colloidal ferric hydroxide, A red solution shows that too much ammonia 
was added and more nitric acid must be added or the precipitation of 
the phosphorus wifi be incomplete. With the solution at about 40® 
add 40 ml of the acid ammonium molybdate solution {see p. 373). 
Stopper the flask \vith a rubber stopper and shake vigorously for 5 min- 
utes; allow the precipitate to settle for 15 minutes but in no case for 
more than half an hour. 

Filter off the precipitate and use a 9-cm ashless filter paper that fits 
the funnel tightly. Wash the flask, precipitate, and paper twice with 
5-ml portions of 1 per cent HNOs (1 ml concentrated acid to 100 ml of 
water) and then 6 times vnth 5-ml portions of 1 per cent KNOa solution. 
Finally wash the paper with cold 1 per cent IWOj until 10 ml of the 
last filtrate will not decolorize 1 drop (0.03 ml) of 0.1 N NaOH and 1 
drop of phenolphthalein indicator solution. This usually requires about 
10 wasMngs more than are specified above. Direct the dilute KNOj 
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solution around the edge of the filter and then spirally down, and wait 
until the liquid has drained before washing again. 

Return the paper and tlie precipitate to the Erlenmeyer flask in which 
the precipitation took place, add 25 ml of water, 2 drops of phenol- 
phthalcin indicator solution, and, from a buret or pipet, 10 ml of 0.1 
NaOH free from carbonate. This will usually be sufficient to dissolve 
all the yellow precipitate and leave the solution alkaline to phenol- 
phthalcin. If ncccssarj' add more NaOH. Discharge the pink color by 
adding a measured volume of 0.1 N HNOs from a buret, and finish the 
titration by adding just enough more of the 0.1 JV NaOH to impart a 
pink color to the solution. 

Djc chemiMl equation that represents the dissolving of the precipitate, with the 
solution left neutral to phcnolphthalein (cf. p. 471), is the following 

(NHdiPO«-12.MoO, + 230n- 12MoOr" + SNH/ + IlPOr" + 11H,0 
From this equation it is clear that 

lP-:>12Moo230n" 

ond the millicquivalcnt weight of phosphorus by this method of aDal}*sis is P/23,000 
0 001340 g of phosphorus. 

Alternative Procedure. Use of Anunoniacal Ammonium 
Molybdate Reagent* 

Treat 2 g of steel in a SOO-ml Erlenmeyer flask with 50 ml of G 
HNOj. ^^^lon the sample has dissolved add a slight excess of 2.5 per 
cent KMn 04 solution (3-10 ml) to complete the oxidation. An c.\-cess 
is shown by tbc formation of MnOj precipitate or a persistent perman- 
ganate color. Dissolve the precipitate and reduce tlie excess perman- 
ganate by adding a few drojis of sulftirous acid, sodium sulfite, or alkali 
nitrite, and boil to expel oxides of nitrogen and sulfur. Cool to about 
70* and add 50 ml of ammonium molybdate prepared according to 
Johnson or to (he A.S.T.M, formula (see p. 373). Stopper tlie fia.sk, 
shako vigorou'sly for 10 minutes, preferably mechanically, cool to 20° 
or U’low, and filler. Treat the precipitate as in the prc\'ious procedure. 

Modifications for Other Iron Alloys 

Gust Iron. Dis«)hT 0 5-1 g of Mmpic in hnlf the qu.'intUy of HNO, recommended 
nlHivr. Imt nflor the oTuIation oilh KMnO« filter through paper. 

Nickel, Chrome-Kickel, Stainless, and Similar Alloy Steels Contaitang neither 
Tungsten nor Vanadium. If the Mmple docs not diwlvc in dilute nitric acid, treat 

‘ ond ,lno/y»ix p/ OtTrUm owl Alloy SfreU .Methods of the Chemists of 

the Tnitr^l .^l.str^ ?!rrl Coqvirftttrtn as RriivKl to 1037. 
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2 g of steel with 50 ml of a mixture of equal parts concentrated nitric and concentrated 
hydrochloric acids, and to the solution add 20 ml of concentrated HCIO4 (48 per cent 
HCIO4 = 27 N). Evaporate to fumes of HCIO4 and continue heating 6 minutes to 
oxidize Cr to chromic acid and to dehydrate any silica. Cool somewhat, add 40 ml 
of water, filter, and wash with cold water. 

Add dropwise a saturated solution of SOj until all the chromium and vanadium 
are reduced, and boil until the excess SO« isexpelled. With the filtrate at about 90% 
add 50 ml of either of the slightly ammoniacal ammonium molybdate reagents 
373) and shake well for 5 minutes. Filter and wash in the usual manner. 

High-Speed Steels or Other Steels Contaimng Tungsten and Vanadium. Treat 

3 g of steel with 60 ml of 4 A HNOs Add 30 ml of concentrated HCl and evaporate 
to dryness. Take up the residue in 20 ml of 6 N HCl with gentle heating. Dilute 
to 100 ml with hot water and filter off the WOj. Evaporate the filtrate twice with 
20-ml portions of concentrated HNO* to expel the HGh but be careful not to bake 
the residue. Carry the second evaporation to the point where the residue is sirupy, 
add 100 ml of 4 V HNO j, and filter. Wash the residue with cold water, and neutralize 
with 40 ml of 6 AT NH4OH. Cool the solution to 15“; add 6 ml of approximately 
1.6 N ferrous sulfate solution (400 g FeSO|'7H*0 per liter) to reduce the vanadic 
acid and 2-3 drops of saturated sulfurous acid. Add 75 ml of the add ammonium 
molybdate reagent, shake for 10 minutes, and allow to stand 4 hours or more before 
filtermg off the yellow ammonium phosphomolybdate precipitate. 

In the above directions and throughout the book concentrated nitric acid re/ers 
to the 16 N acid 0 ! density 1.42 and concentrated hydrochloric acid to the 12 V 
acid of density 1.2. 


12. Determination of Boric Acid 

Free boric acid has no action upon methyl orange, consequently 
alkali borates may be titrated with hydrochloric and nitric acids, 
using this indicator; with sulfuric acid the results are not so satis- 
factory, for there is then no sharp color change. If phenolphthal- 
ein is used as the indicator, the red color fades gradually and the end 
point cannot be determined with certainty. If, on the other hand, 
sodium hydroxide is slowly run into an aqueous solution of boric acid 
containing phenolphthalein, after some time a pale pink color is notice- 
able which becomes deeper on the addition of more alkali. The first 
pink color is formed before all the boric acid has been neutralized, for 
sot^um borate is perceptibly hydrolyzed. Free boric acid cannot 
be titrated by itself, but if, as proposed by Jorgensen,^ a sufiicient 
amount of glyceroP (or mannitol’) is added to the solution, the hy- 
drolysis is prevented, so that when 1 mole of NaOH is present for 1 mole 
of H3BO3 the solution suddenly changes from colorless to red; probably 
a stronger acid is formed by the addition of the glycerol, the glyceryl- 
boric acid (C3H5020H)B(0H). 

^ Z. Nahrungsm , 9, 389, and Z. angew. Chem., 1897, 5. 

* Z. angew. Chem , 1896, 549. 

* Jones, Am. J. Sa., (4] 7, 147 (1899). 
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If the solution does not contjun sufficient glycerol the color change 
takes place too soon, as can be shown by the addition of more glycerol. 
If the red color disappears on adding the glycerol, more alkali is added 
until it reappears. The right end point is reached when the red color 
no longer ffisappeara on the addition of glycerol. Inasmuch as com- 
mercial glycerol reacts acid, it must be just neutralized with alkali 
before being used for this determination. Furthermore, in order to 
obtain accurate results it is necessary that the solutions should be 
absolutely free from carbonate. 

A'pplicaiion. Determination of Boric Add in an Alkali Borate 
Free from Carbonate^ 

Dissolve about 30 g of the borate in water free from carbon dioxide, 
(hlute to 1 1, and determine the total alkali in an aliquot part of 50 ml 
by titration with 0.5 N hydrochloric add, in the presence of methyl red 
as indicator. Take another 50 ml of the borate solution and exactly 
neutralize by the amount of hydrochloric acid found necessary by the 
previous titration; by this means the solution will contain free boric 
acid. After adding about 50 ml of glycerol, 1 g of mannitol (cf. p. 518), 
or 50 ml of approximately 55 per cent invert sugar solution, titrate 
the solution with 0.1 N sodium hydroxide and phenolphthalein as 
indicator. When the end point is reached, add 10 ml more of glycerol; 
and this usuallj- causes the solution to become colorless. Again add 
Boffium hydroxide and repeat the process until finally the addition of 
glycerol causes no further action upon the end point. 

If the borate contained carbonate, neutralize the portion taken for 
analysis wth acid as before, then boil for a few minutes, taking the pre- 
caution of connecting the flask containing the solution with a return- 
flow condenser.* After the carbon dioxide is expelled, wash down the 
sides of the condenser with water and titrate with sodium hydroxide. 

For the detennination of boric acid in the presence of mineral acid,^ 
add an excess of potassium iodide and iodate. The mineral acid reacts 
w ith the iodide-iodatc mixture and sets free iodine (cf. p. 149), but boric 
acid does not do this. Discharge the iodine color with dilute sodium 
thiosulfate, added dropwise and avoiding an excess. Then add 1-2 g 
of mannitol and titrate with 0.1 AT sodium hydroxide, with phenol- 
phthalein as indicator. 

If considerable mineral acid is present, neutralize the most of it with 
alkali hydroxide solution before adding the iodate-iodide mixture. 

» M. Ilonig and G. Spitz, Z. ongev. Chttn., 1896, 549. 

* Ttc condenser serves to keep back any boric acid escaping with the steam. 

* Jones, loc. ciu 
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Determinatiou of Boric Acid in Insoluble Silicates' 

Fuse 0.5 g of a silicate such as glass with 3 g of NaaCOg in a platinum 
crucible. Heat the mixture until the mass is liquid and continue heating 
for 2 or 3 minutes. Cool and treat the solid with 25 ml of water. Heat 
to gentle boiling, filter, and wash the readue with hot water until the 
last washings arc nearly neutral to red litmus paper. Transfer the 
filtrate and washings to a 250*ml flask, add about 7 ml of concentrated 
HCl, heat nearly to boiling, and carefully add in small portions a slight 
excess of dry precipitated CaCOa. Connect with a reflux condenser 
and boil for about 10 minutes. Filter, and wash the residue at least 
8 times with hot water. Return the filtmte to the flask, add a Uttle 
more CaCOa, heat to boiling, and connect with a filter pump through a 
splash trap. Remove the flame and conrinue the suction until the 
boiling has nearly ceased. Cool to room temperature, filter if the 
residue is reddish, add phenolphthalein indicator, and slowly introduce 
0.1 N NaOH from a buret until the indicator shows a pink color. Add 
1 g of mannitol, shake, and conrinue titrating until the liquid is pink 
again. Add another gram of mannitol and more NaOH if necessary to 
impart a permanent color to the solution. 

Remark. The method U excellent for routine ^ntrol but the results are a little 
low because of the reteotion of borate in the reridues. 

13. Determinatioa of Carbonic Acid 
(a) Determination of Free Carbonic Acid 

To determine the amount of free carbonic acid present in a dilute 
aqueous solution, add an excess of 0.1 N barium hydroxide solution, 
and determine the excess with 0.1 N HCI, with phenolphthalein as an 
indicator: 

H 2 CO 3 + Ba(OH)2 = BaCO, 2HsO 
1 ml of 0.1 iV Ha = 0.0022 g CDs 

(b) Determination of Carbon Dioxide Present as Bicarbonale 

Titrate the solution with 0.1 N HCl in the presence of methyl orange; 
NaHCOs + HCI = NaQ + H 2 CO 3 
a ml of 0.1 N HCi = 0.0044 g CO 2 

* Wherry and Chapin, J. Am. Chem, Soe,, SO, 1687 (1908); SuUivan and Taylor, 
J. Jnd. Eng Chem., 6, 897 (1914). 
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(c) Determination of Carhon Dioxide Present as Carbonate 
Titrate with 0.1 N HCl and methyl orange: 

NaaCOa + 2HC1 = 2 NaCI + H 2 CO 3 
1 ml of 0.1 N HCI = 0.0022 g CO 2 

Dissolve an alkalino-earth carbonate in an excess of 0.1 N acid and 
titrate back with 0.1 N acid. 

(d) Determination of Free Carbonic Add in the Presence of Bicarbonate 

Titrate one portion with 0.1 N HCl and methyl orange as indicator, 
and determine the amount of bicarbonate as under (6). 

Treat a second portion with an excess of barium chloride, ‘ then with 
an excess of barium hydroxide, and titrate the excess of the hydroxide 
nith HCl, with phenolphthalcin as indicator. If the volume of 0.1 N 
acid used for the first titration is deducted from the volume of 0.1 N 
barium hydrojdde solution found to be necessary in the last titration, 
the difference multiplied by 0.0022 will give the amount of free car- 
bonic acid.^ 

(e) Determination of Alkali Bicarbonate in the Presence of Carbonate 
See p. 498. 

14. Determination of Carbonic Acid in the Air. Method of Pettenkofer 

Principle. A large, measured volume of air is treated with an excess of titrated 
barium hydroxide solution whereby the carbon dioxide is quantitatively absorbed, 
forming insoluble barium carbonate. Phenolphthalein is added, and the excess of 
barium hydroxide is determined by titration with hydrochloric acid until the solu- 
tion is colorless From the amount of base used to absorb the carbon dioxide, 
the amount of the latter is calculated, 1 ml of N Ba(OII), »= 0 022 g CO, «= 11.13 
ml of CO, gas at 0® and 700 mra pressure 

Requirements. I. A calibrated bottle of 5-1 capacity. 

2 Standard solutions of barium hydroxide and hydrochloric acid. Prepare the 
acid so that 1 ml “ 0.25 ml CO, at O'C and 760 mm pressure; this is accomplished 
by diluting 221.7 ml of 0 1 A bydrocliloric acid to 1 1 The barium hydroxide 
solution sliould be of about the same strength. 

Procedure. Place the dry bottle, with its capacity etched upon it, in 
the space from which the air is to be taken; change the air in the bottle 

• Tlie addition of barium chloride is necessary only when free carbonic acid is 
titrated in the prc.'scnce of alkali bicarbonates. Without it free alkali would thca 
be formed: NallCO, + BafOIf), *• EaCO, -f 11,0 + NaOII. 

* Thb method cannot be used when nwgncaum salts are present. 



CHAPTER XV 
OXIDATION METHODS 

Oxidation and reduction processes are those in which the substance 
analyzed is either oxidized or reduced by means of the solution with 
which the titration is made. When hydrogen is oxidized by oxygen 
it is changed from the neutral condition to that of a positive valence (or 
polarity) of 1 and oxygen is reduced from the neutral condition to a 
negative valence (or polarity) or 2. In this, and all other cases, the 
equivalent weight of the element used in an oxidation-reduction reaction 
is the atomic weight divided by the change in polarity. When an atom 
in any complex molecule is subjected to a change in polarity (oxidized or 
reduced) the equivalent weight of the compound Is the gram-molecular 
weight divided by the change in polarity of the oxidized or reduced ele- 
ment. If more than 1 atom of the reactive element is present in the 
molecule, the molecular weight is divided by the total change in polarity, 
that is, by the change in polarity multiplied by the number of atoms 
undergoing such change (c£. p. 450). 

Potassium dichromate is one of the well-known oxidizing agents used 
in volumetric analysis. It reacts, for example, with ferrous, stannous, or 
titanous salts and is reduced, thereby, to trivalent chromic salt. Equa- 
tions for the reduction of the dichromate ion and oxidation of ferrous 
ion, etc., have been given on p. 450. Ebepressed in terms of electrons, e, 
the equation for the reduction of dichromate can be written 
CraOj" + 14H+ + 6e = 2Cr^ d- TH^O 
and that of the oxidation of ferrous ion 

Fe++ - e = Fe+++ 

These equations represent what actually takes place when the reduc- 
tion of the dichromate is accomplished at the cathode and the oxidation 
of the iron is brought about at the anode of an electrolytic cell. There 
are 6.06 X 10^ actual atoms of iron in a gram atom, and if we multiply 
the actual charge of the electron ty 6.06 X 10*® wo obtain the value 
96,500 coulombs which is called ajaraday. When 6 faradays of elec- 
tricity pass through an electrol 3 d.ic cell containing an acid solution of 
dichromate at the cathode and a ferrous salt at the anode, 1 mole of 
dichromate can be reduced and 6 moles of ferrous iron can be oxidized. 

524 
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The above equations, therefore, show that the equivalent weight of 
dichromate is one-sixth of its molecular weight and that of ferrous ion is 
one atomic weight. The equation 

CviQf~ + 6Fe-w- + 14H+ 2Cr^-H- + 6Fe+++ THiO 

represents six equivalent weights of both dichromate and iron. 

The two following tables show the change in polarity of some of the 
more common oxidizing and reducing agents. In these tables M signi- 
fies the weight of 1 mole. 

COMMON OXIDIZING AGENTS 



COMMON REDUCING AGENTS 



Equivalent 

Weight 


M/2 

M 

M/2 

M/2 

M/2 

M/2 

M of NasSiO, 
M/2 
M/2 
M/i 
M 

M/2 

M 


» The letter e le u*ed in this book to deeigoatea tniUiequIvsJent and also, aa la thia table to desienata 
aa electron. In oxidation-reduction reactjona the miDieqiuvalenta are determined by the loaa or ff.tn 
of electrons aa the table ehowa. rgam 
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From these tables of equivalent weights it is easy to write equations 
and compute results. It is not necessarily true that there will be a 
definite reaction between any given reducing agent and any oxidizing 
agent. Thus the oxidation of SaOj to SiO# will go easily wth iodine 
solution but does not take place in the same way with permanganate 
although permanganate can be standardized indirectly against thio- 
sulfate by allowing the permanganate to liberate I2 from KI .in acid 
solution and titrating the liberated I2 with thiosulfate. Under certain 
conditions^ HAsOa can be oxidized to HAsO^”" by MnOr in acid 
solution. The tables show that HASO3/2 and Mn04/5 are equivalents; 
therefore, 

SHAsOr" + 2Mn04" + 6 H+ 5HAfi04"~ + 2 Mn++ + SHjO 

In such equations, when the oxidizer and reducer have been balanced 
and the proper products placed on the right-hand side, if there are then 
more positive charges on the right than on the left, add the requisite 
number of H'*’ to the left side. If there are already more positive 
charges on the left, add water and form H'*' therefrom on the right. One 
must bear in mind, however, the conditions under which the reaction 
takes place and not form on the right if the solution is kept alkaline 
or TKe H+ on the left if the solution is alkaline. In such cases OH” can be 
formed on the right or added to the left side of the equation. Sometimes 
H2O should be added to one side of the equation and H+ or OH” on the 
other. 


ELECTROCHEMICAL THEORY OF OXIDATION-REDUCTION 

Some of the reactions of acidimetry and alkalimetry are best under- 
stood by considering the ionization constants of the acids and bases and 
by applying the mass-action principle to the ionization of weak acids 
and bases. The strength of an acid, or of a base, can be expressed either 
in terms of these ionization constants or of the pH values of solutions of 
the same normal concentration. Thus if we were to take tenth-normal 
solutioi^ of all acids and bases, measure the pH value of each of these 
solutions, and make a table arranging these acids and bases in order 
corresponding to increasing pH, we shorild find at the top of the table 
the strong mineral acids, HCl and HNO3, with a pH of nearly 1 in tenth- 
normal solution, and at the bottom of the table the alkali hydroxides 
with a pH of nearly 13 . 

In such a table, we would find that the pH of a tenth-normal solution 
of an acid becomes larger as the ionization constant diminishes and the 
pH of a tenth-normal solution of a base becomes smaller as its ionization 
constant diminishes. 
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A salt of a weak acid added to a solution of a stronger acid raises the 
pH value; for example, we find that sodium acetate added to a solution 
of hydrochloric acid reduces the hydrogen-ion concentration and in that 
sense neutralizes the hydrochloric acid. When the difference in the 
ionization constants of two acids varies by about 10* it takes only a very 
small quantity of the stronger acid to furnish as many hydrogen ions as 
a fairly largo quantity of the weaker acid does, and we can titrate all 
of the stronger acid before an appreciable quantity of the weaker acid 
reacts with the added base; if at some part of the solution some of the 
weaker acid is neutralized, the salt formed will at once enter into equilib- 
rium with the hydrogen ions from the stronger acid, so that the final 
effect will bo that only the strong acid is neutralized at the first end point- 
In considering the reactions of oxidation-reduction it is useful to 
prepare a table to show the relative strengths of the various oxidizing 
and reducing agents. Just as all acids and bases can be classified in a 
common table on the basis of the pH values, so it is possible to prepare a 
single table which will show the tendency of each substance to undergo 
oxidation or reduction. Such a table can be called a potential series. 
It has been called a table of oxidation potentials. Just as we could use 
the concentration of OH" as a basis of comparing dilute solutions of 
acids and bases instead of tho concentration of H'*’, because the product 
(H+1 X (OH"l is equal to in every solution at room temperature, 
so we can call the table one of reduction potentials since oxidation is just 
tho opposite to reduction and all we have to do is to change the sign. 
In some textbooks, the same tabic is called one of electrode potentials. 
^^ffiatever the table may be called, it is customary to place the strong 
reducing agents at the top of the Ikt and end with the strong oxidizing 
agents. Thus, in considering the free elements with respect to their 
tendencies to undergo oxidation or reduction, wo place the alkali metals 
at the top and tlie non-metal oxygen followed by fluorine at the bottom. 

It has already been pointed out that a substance is said to be oxidized 
or reduced when some atom jt contains has undergone a change in 
polarity. O.xidation results when the polarity is increased, and reduction 
when tho polarity is decreased. In terms of tho electron theory, an 
increase in polarity means the loss of one or more electrons by an atom. 
Our definition of oxidation, therefore, has lost its original significance 
of necessarily having something to do with oxj’gen. The atom of 
oxj'gcn is believed to con-sist of a nucleus around which eight electrons 
are circulating, probably in elliptical orbits. The path of the fi^t two 
electrons, like that of the electrons around the helium nucleus, lies closer 
to tho nucleus tlmn that of the other .six electrons, and we say that oxy- 
gen belongs in Family VI of the periodic table. 'When oxygen entere 
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into combination with another element to form an oxide other than a 
peroxide, it accepts two electrons from the other element. Even if 
there is no ionization of the oxide molecule, it is reasonable to assume 
that the oxygen is negative with respect to the other element and that it 
has become negative by receiving electrons. Thus, in the water mole- 
cule, we are accustomed to think of the hydrogen as being positive to 
the oxygen although the electron of each hydrogen atom may be merely 
shared with the oxygen. Whenever, therefore, any atom ^ves up one 
or more of its electrons to some other atom, or even if it merely shares 
one or more of its electrons with some other atom, the atom to which 
the electron or electrons originally belonged is said to be oxidized and 
the element offered the electron is said to be reduced. 

This electronic conception of oxidation and reduction makes it easy 
to see why an oxidation is always accompanied by a reduction. A 
transfer of electrons takes place whenever an electric current flows 
through an aqueous solution containing an electrolyte. At the anode, 
where electrons pass from the solution to the wire, some substance is 
oxidized. This oxidation may be the liberation of oxygen gas, the libera- 
tion of halogen gas, the dissolving of a metal electrode, the deposition of 
a higher oxide such as PbOa or MnOj upon the anode, or the oxidation of 
some substance present in the electrolyzed solution such as a ferrous 
salt. At the same time that an oxidation takes place at the anode, elec- 
trons enter the solution at the cathode and a reduction takes place. 
This reduction may be the deposition of copper upon the cathode, the 
liberation of hydrogen gas, or the reduction of some substance in solu- 
tion such as ferric salt, permanganate, or chromate. The only difference 
between oxidation and reduction of a titration and that of an electrolysis 
is that the reactions take place side by side in a titration and at some 
distance apart during electrolysis. Moreover, a chemical reaction of 
oxidation-reduction can be used as a source of an electric current, as will 
be explained. 

If we place a piece of zinc in a solution of zinc sulfate and a piece of 
copper in a solution of copper sulfate and connect the two solutions by 
means of an inverted U-tube containing ammonium chloride solution, 
there will be no appreciable reaction until the copper and zinc are con- 
nected by a wire outside the solutions. Then a current will flow, elec- 
trons will pass from the wire to the solution and deposit copper, and 
electrons will leave the zinc and pass to the wire, forming zinc ions in the 
solution. The zinc, according to our definition, is oxidized and the 
copper is reduced; the two reactions take place simultaneously, and 
the effect is the same as if the piece of zinc were placed directly in the 
copper sulfate solution except that then we would not get any evidence 
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of an electric current. In precisely the same way we can produce an 
electric current by making use of the reaction between potassium 
dichromatc and some substance that it oxidizes, such as hydrogen 
sulfide or ferrous chloride. To get the electric current in a wire, we 
must place the acid solution of dichromatc in one vc.s.«cl and the hydro- 
gen sulfide or ferrous salt in another. We must provide some indilTcrent 
electrolyte between the two solutions, and place an insoluble electrode 
in each solution. Then, as soon as the electrodes arc connected b}’ a 
wire, a current will flow. The dichromatc will be reduced in one vessel 
and the hj’drogcn sulfide or ferrous salt Avill be oxidized in the other, and 
the final effect will be exactly the same as if the dichromatc solution were 
added directly to the solution of the ferrous salt. 

The potential scries of the elements, therefore, can be expanded to 
include almost every reaction of oxidation or reduction, although, to be 
sure, it is sometimes difficult to measure the electrode potentials and 
many of them arc not known with any degree of exactness. The meas- 
urement of the potentials is usually accomplished by measuring the poten- 
tial difference between two electrodes of which one is a standard half- 
cell of definitely known potential. 

These potentials enable one to predict whether a given oxidation is 
likely to take place to completion so that it can be used in quantitative 
analysis. They do not tell, however, whether the speed of the reaction 
is sufficiently high to make the process satisfactory. Thus perman- 
ganate should be able to oxidize the reduced forms of substances listed 
about 0.15 volt higher in the table, but often the reaction takes place too 
slowly, as in the reaction with oxalic acid at room temperature. The 
presence of a catalyst is often needed. 

The mass-action law applies to every oxidation-reduction reaction, 
and it is important that the beginner should understand this applica- 
tion. The potential of a metal against a solution of its ions is governed 
by the mathematical expression 


„ „ , 0.060, 

Eta ~ E^-\ log c 


when Eto is the observed electrode potential at 30®, Eo is the potential 
given in the table Ccorresponding to the potential of the metal in a molal 
solution of its ions) , n is the change in polarity, and c is the concentration 
of the ions expressed in moles per liter. The value O.OGO is a constant 
which varies with the absolute temperature; at 25® it is 0.059 and at 18° 
it is 0.058. The equation show’s that the observed oxidation potential 
grows smaller by 0.060 volt for a change of valence of one, or 0.030 volt for 
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a valence change of two, when the concentration of the ions in the solu- 
tion is 0.1 molal instead of raolal. This means that the metal is easier 
to oxidize when the solution does not contain many of its ions and 
harder to deposit by electrolysis. 

The student may notice that the above equation is sometimes written with a 
negative sign on the right-hand side. It is a purely arbitrary decision whether a 
given potential is called positive or negative with respect to hydrogen, and depenck 
entirely on the definition of what is meant by ■posuive. The chemist usually thinks 
of the elements at the top of the column as positive elements, but in making up an 
electrolytic cell, the positive-to-negntive direction of the current in the wire is always 
from the lower to the higher member of the series. Thus, in the Daniell cell, 
the physicist considers the zinc immersed in zinc sulfate solution the negative 
element and the copper immersed in copper sulfate solution the positive element. 
Zinc is positive to copper in the solution, and copper is positive to zinc in the wire. 
When the signs are changed the oxidation potential becomes the reduction potential. 
With reduction potentials the above equation becomes 

^ „ 0 - 060 . „ „ . 0 . 060 , 1 

Evi ^ Eo ' ~ log c or En = E® d* loS "* 

n n c 

The following table gives the oxidation potentials of some of the 
common substances which easily undei^o oxidation or reduction. Some 
of the potentials are not known exactly, but the relative position in the 
table is right in most cases. The values of Ec. apply when the concen- 
trations of both the oxidized and reduced forms are equal to 1 molal. 
If the hydrogen ion enters into the reaction, the values correspond to the 
presence of sufficient hydrogen ions to make the solution molal. The 
concentration of water is assumed to be constant and not changed 
appreciably by the progress of the reaction. The letter e in the equilib- 
rium expressions represents a “ gram electron ” or electricity corre- 
sponding to 1 faraday = 96,500 coulombs or 26.82 ampere-hours. 

The electrode reaction for a simple case of oxidation-reduction in which 
no other substance participates can be written 

Ox -f n e ^ Red 

when Ox represents one mole of the oxidized form, Red one mole of 
the reduced form, n the change in polarity, and e the electron (faraday 
in case of the gram atom). The equilibrium between a metal and its 
ions is a special case in which the metal represents the reduced form, 
and since the metal as such is insoluble in water, its concentration does 
not enter into consideration. The equilibrium is the same whether we 
take a wire or a thick rod of the metal. If, however, the substance 
exists to an appreciable extent dissolved in the solution, the concentra- 
tion of both Ox and Red baf; an effect upon the final state of equilib- 
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NORMAL OXIDATION POTENTIALS 


Oxidized 

Form 

Reduced 

Form 

Dbange 

in 

Polar- 

ity 

Electrode Reaction 

Normal 
Potential 
or Eo in 
Volts 


Li 

1 

[i+-fe Li 

-3.02 

Rb+ 

Rb 

1 

Rb++e?sRb 

-2,93 

K+ 

K 

1 

K++c?±K 

-2.92 

Sr-^ 

Sr 

2 

Sr'*^-f2c Sr 

-2.92 

Ba++ 

Ba 

2 

Da+++2c Ba 

-2.9 

Ca++ 

Ca 

2 

Ca'^+2e Ca 

-2.7 

Na"*" 

Na 

1 

Na^+c Na 

-2.7 



2 

Mg''’^+ 2 « ^Mg 


Al-^ 

A1 

3 

Al+*«-+3« 5=» A1 

-1.7 


Be 

2 

Be^+ 2 e? 2 Be 

-1,69 


U 

4 

U>+^+4c fa U 

-1.4 

Ma+-^ 

Vln 

2 

Mn*'*‘+ 2 «^Mn 

- 1.1 

H,0 

HH, 

1 

H, 0 +€ fS 

-0.83 

Zn** 

Zn 

2 

Zn'*‘++ 2 € ^Zn 

-0 76 

Cr++ 

Cr 

2 

Cr+^-|- 2 cssCr 

- 0.66 

S 

S'- 

2 

S+2e ?s S- 

-0.65 

Ga+++ 

Ga 

3 

Ga-^+3«faGa 

-0.5 

Fe-H- 

Fe 

2 

Fe''^-|-2e Fe 

-0.43 

Cr+++ 

Cr** 


Cr***+e 5 ± Cr++ 

-0.4 

Cd++ 

Cd 

2 

Cd+++2e5iCd 

-0.4 

In+++ 

In 

3 

In+++-be sa In 

-0.38 

T1+ 

T1 


Tl^+e * 2 T 1 

-0.34 

Co-H- 

Co 

2 

Co^*f2e Vi Co 

-0.29 

Ni^ 

Ni 

2 

Ni^+ 2 esaNi 

-0.23 

SbO+ 

Sb 

3 

SbO*+2H'^+3e — Sb+H,0 

-0.21 

y-t-n- 

V++ 

1 

V++++C -♦ V++ 

-0.2 

CO 2 

MHjC,04 

1 

CO,+H++e sa ^HtCjO* 

-0.2? 

Sn-^ 

Sn 

2 

Sn'‘"*'-|-2efaSn 

-0.14 

Pb++ 

Pb 

2 

Pb+++2e 5^ Pb 

-0.12 

cbor 

Cb-^ 

2 

CbOr+6H++2e Cb'*-^++ H*0 

-0.1? 

H+ 


1 

H++« ?± MH, 

^SlVlTiV 

so — 

s— 

8 

SO,— +8H++6(! j=£ S+4H!0 


HjMo04 

Mo++^ 

3 

H,MoO,+6H*+3« fi Mo++++3H,0 


X1+-H-+ 

Ti+++ 

1 

TiO+++cf±Ti+^-^- 

+0 01 

TiO++ 

Ti+++ 

1 

TiO++-F 2 H^-fe v* T 1 +++++H 2 O 

+0.04 

WO^ 

^+-1-++ 

1 

WO++++2H+-fc «=i W-^+HsO 

+0.1? 

HS40e— 

SjO — 

1 

HSA),— +ei±SA).— 

+0.13 

SO — 

HsSOs 

2 

SO 4 — +4H+-|-2e 4 =i HzSOa+HsO 

+0 14 

Sn++++ 

Sn++ 

2 

Sa++++-f2e-4Sn++ 

+0.14 

S® 

HsS 

2 

S"+2H++2e H,S 

+0.17 


Bi 

3 

Bi+-M-+3e-».Bv 

+0.2 

[PtCb]' 

Pt 

2 

[Pta0-+2e -» Pt+4CI- 

+0.2 






532 


OXIDATION METHODS 


NORMAL OXIDATION POTENTIALS — Conh'nwed 


Oxidized 

Form 

Reduced 

Form 

Chan^ 

in 

Polar- 

ity' 

Electrode Reaction 

Form 

Normal 
Potential 
or Foin 
Volts 

Sb+++ 

Sb 

3 

Sb++++3<5?i5b 

+0.2 

AgCl 

Ag-*- 

1 

AgCl+c .^-fCr 

+0.23 

V+++ 

V++ 

1 

V++++e — V++ 

-0.2 




Normal calomel electrode at 25® 

+0.285 

As+++ 

As 

3 

As+-H-+3<; i=t As 

+0.3 

(H,WO,) 

WO^ 

1 

H,W0«+4H+-pc --V W0-^4-3H,0 

+0.3? 




Decinonnal calomel electrode at 25® 

+0.338 

Cu-^ 

Cu 

2 

Cu'*^+2c Cu 

+0.34 

uo,++ 

U++++ 

2 

UO,++-|-4H++2c j=i U+++++2H,0 

+0 36 

HO. 

OH" 

2 

i^0,-PH,0+2e 20H" 

+0.40 

(ptcur' 

IPtcij-- 

2 

iPtCl,r’+2c ?=s [PtCl4l“+2Cr 

+0.4? 

vo-^ 

y-H-f 


V0+^+2H++c V++++H,0 

+0.4 

HVO, 

V++ 

3 

HV0,+H++3c 3H,0 

+0.4? 

Cu+'^ 

CuCir 


Cu++-|-2Cr+e?±CuCl,- 

+0 46 

BiSO, 

s 

4 

H,S0,+4H++4€ S+3H,0 

+0.47 

Fe(CN). — 

Fe(GN)e““ 


Fe(CN), — +e Fe(CN), 

+0.49 

COj 

CiO — 

2 

2C0,-1-2c«-C,04— 

? 

HaMo04 

MoO+^ 

1 

H,Mo 04 + 4 H++e M 0 O+++ 





+3H,0 

+0.5 




Methylene blue at pH 2.86 

+0.53 

HI. 

I- 

1 

MI.+es2l- 

+0.54 



2 1 

H,Sb04+5H^-.f2e Sb-^+-l-4H,0 

1 7 




H,Sb04+H,0+2e«- H,Sb0,+20H- 

j 

HjAsO, 

H,AsO, 

2 

H,As 04 + 2 H+-|- 2 c ?=tH,AsO,+H,Q 

+0 57 

MnOr 

MnOz 

3 

MnO, -|-2HiOd-3e — » Mn02-i-40H 

+0.59 

MnOr 

MnO* 

1 

Mn04”+« Mn04"" 

+0.66 

HNO 2 

NO 


N0r+2H++e N0+H,0 

+0.7? 

CgHiOz 

CeHiCOHz) 

2 

C«H«0,+2H++2e -» C8H4(OH), 

+0.70 




quinhydrone electrode 


HjSeO, 

Se 

4 

H,BeO,+4H++4c «=i Se+3H,0 

+0.74 

Fe+-H- 

Fe-*^ 

1 

Fe’-^+e4=iFe++ 

+0.75 


Hg+ 

1 

HHg!+++e 5± Hg 

+0.80 

Ag+ 

Ag 

1 

Ag++c 

+0.80 

Pd-H- 

Pd 

2 

Pd++-f2e Pd 

+0.82 

Hg++ 

Hg 

2 

Hg+^+2e4=iHg 

+0.86 

Hg++ 

HHg.++ 

2 

Hg+++e^HHgi++ 

+0.90 

HVO, 

VO-H- 

1 

V0,"+4H++« VO+++ 2 H 2 O 

+0.92 

DU. HNO, 

HN 02 

2 

NOr+2H++2e vi N0,-+H,0 

+0 9 

Cone. HNOs 

NO, 

1 

N0r+2H++e ^ N0,+H,0 

? 

MBr, 

Br 


HBr,+e Br“ 

+1.07 

0, 

H,0, 

2 

0,-h2H++2e H,0, 

+1.08 

lor 

r 

6 

I0r+6H++(ie ct I + 3 H 1 O 

+ 1.00 
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NORMAL OXIDATION POTENTIALS — Conlinucil 


Oridued 

Form 

Reduced 

Form 

Change 

in 

Polar- 

ity 

Electrode Reaction 

Form 

Nonnal 
Potential 
or Eo in 
Volts 

IltSeO, 

HjScO, 

2 

H,ScO*4-2H^+2c -♦ H,Se0,+n,0 

+1.09 

Cr,Or' 

2Cr-*-+-*- 

C 

CrA"+14II*+Cc PiSCr-*--*-*- 
+711,0 

+1.195 

10, 

MI* 

5 

lor+om+se hIi+3HjO 

+1.20 

AU+++ 

Au+ 

2 

Au-*-*“*-+2e -»Au+ 

+1.2 

MO, 

!!,0 

2 

MOi+2n»+2e s= H,0 

+1.23 

MnO, 

Ma++ 

2 

.MnO,+4H++2« si Mii'^++2H,0 

+1.33 

aor 

cr 

8 

Cior+SH^+Sc J=i Ci-+4H,0 

+1.35 

MCI, 

cr 

I 

Ma,+es»Cl- 

+1 36 


Au 

3 

Au'*-*-*-+3c s=J Au 

+1.3G 

BrO," 

Br’ 

C 

BrO,’+6H*+Cc !=s Br’+3H,0 

+1.42 

Cc++^ 



Cc+++++e?sCe''"*^ 

+1 45 

C10,“ 

cr 

G 

cio,’+cn*+cc ss cr+3H,o 

+1.45 

BrO,’ 

Br’ 

Q 

BtO,’+6ll*+Cc ss Br-+3IU0 

+1.48 

BrO,’ 


fl 

BrO,’+cn*+5c Si MBr,+3H,0 

+1.49 


Au 


Au^+c si Au 

+1.5 

MnOr 

Mq-^ 

fl 

Mn 04 ’+ 8 II*+ 5 e ss Mn-*-*-+4H,0 

+1.62 

MnOr 

MnO, 

3 

Mn 04 ’+ 4 U*+ 3 e sa Mn0,+2H,0 

+1.58 

SA’* 

2 SO 4 ” 

2 

S,Or'+2ess!2SOi 

7 

I’bO, 

PbSO, 

2 

PbOH-4lI*+SO,-’+2c -* PbSO« 
+2IU0 

+1.GS 


Co-*-*- 

1 

Co.M+c — Co-" 

+1.82 

lor 

10,’ 

2 

I04’+2II++2<- - I0,’+H,0 

? 

IIA 

11,0 

2 

nA+2II*+2<cr 211,0 

+1.0 

NaBiO, 


2 

NaUiO,+6n*+2« -♦ Na++Bi+++ 
+3!I,0 

7 

MF. 

|r 

1 

MF,+e si F' 

+2.8 


rium. With tliwc concentrations in moJes per liter expressed aa [Ox] 
nnd (Red], the cxprcs.sion for the normnl potential becomes 


Eta 


Ea + 


o.oco 


loR 


[0x1 

(Reel] 


The value i7o is that given in the table wlicrc it is assumed that each 
concentration is tliat of n molal solution. Then since [Ox] *= (RedJ and 
the log of 1 “ 0, the second term disappears and Kio *= £o- 

If hydrogen or hydroxide ions take part in the reaction they* also 
influence the final slate of equilibrium. Thus, in the reaction IIjAsO* -f- 
211+ 4* -h HjO, the potential is determined by the 
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equation; 


0.060 [H»AsO.]lH+]= 

E,. = £o + -j-log -jH^AsOJ 


and in the reaction MnOr + 8H+ + 5e ^ + 4 H 2 O the potential 

is determined by the equation 

„ „ , 0.060,.. [MnOr][H+]» 

In these last two equations it is not necessary to take the H 2 O into con- 
sideration because when the reaction takes place in a dilute solution the 
concentration of the water does not change appreciably as a result of the 
progress of the oxidation and reduction. The concentration of the 
hydrogen ions determines the final state of equilibrium to a marked 
degree in the above reactions. Thus, in a strongly acid solution, 
arsenic acid can be reduced quantitatively to arsenious acid by means 
of potassium iodide, but in a slightly alkaline solution, arsenite can be 
oxidized completely to arsenate by iodine. The above arsenate-arsenite 
equation can be \vritten 


E%t) — Eq 


[- 


060 , (HjAsO,] , 




and in this form can be used to calculate the effect of changes in hydro- 
gen-ion concentration or to calculate the effect of changes in the [HsAsOJ 
to [HaAsOg] ratio at a definite concentration of hydrogen ions. 

With permanganate, the reduction products are different at different 
concentrations of hydrogen ions. Thus in acid solutions, Mn+^ is the 
usual product; in neutral or slightly alkaline solutions MnOa is usually 
formed; and in strongly alkaline solutions green MnOi"" is sometimes 
obtained. 


A. POTASSIUM PERMANGANATE METHODS 

Manganese, from the standpoint of oxidation-reduction reactions, is an interesting 
element. The potentials relating to the various valence states are given in the 


following table: 

Reaction Volts 

(a) Mn « Mn++ + 2e -1.1 

(&) MnOi + 40H" = MnOi"" + 2HiO + 2e +0.57 

(c) MnOj + 40H" = MnOr + 2H,0 + 3e +0.59 

(d) MaO," = MnOr + e +0.66 

(c) Mn-^ + 2HjO = MnOj + 4H+ + e +1.2 

(f) + 2HjO = MnO, + 4H+ +2e +1-33 

(ff) = Mn"*^ + e +1.5 

(h) Mn++ + 4HiO = MnOr + 8H+ + 5e +1.52 

(t) MaO, + 2H,0 = MnOr + 4H+ + 3e +1.63 
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In the table, the letter e signifies the electron, or the transfer of 1 faraday (96,500 
coulombs) if the gram atom or gram molecule Is understood. Black-faced type 
signifies that the substance as such is insoluble 

The formation of a manganous salt from metallic manganese is indicated by 
equation (o). The normal potential of —l.l volts indicates that the metal is oxidized 
a little more easily than zinc and somewhat 1^ readily than aluminum (which is 
unprotected by an oxide film). Dilute acid^ therefore, dissolve the metal with the 
evolution of hydrogen and the formation of bivalent manganous salt. Nitric acid, 
aqua regia, or halogens in the presence of a strot^ acid are incapable of oxidizing 
the manganous salt The bivalent manganous salts, although slightly colored in 
the form of hydrated crystals, yield colorless solutions. 

Salts of trivalent manganese, called manganic salts, are known but they are not 
very stable. Equation (e) shows that it is possible under some conditions to form 
a manganic salt from manganese dioxide and leads one to expect that it ought to be 
possible to oxidize a manganic salt to manganese dioxide in the presence of alkali 
hydroxide or the salt of a weak acid, because, since hydro gen ions are liberated when 
manganic salt is oxidized, the reaction should take place more readily if the hydrogen 
ions are removed as fast as they are formed. The poten tial of reaction (p) in the 
table indicates that manganic salts are easily reduced to manganous salts. 

Some salts of quadrivalent manganese are known. Thus, cold concentrated 
hydrochloric acid will slowly dissolve manganese dioxide, forming manganese tetra- 
chloride. Complex salts, such as KiMnP* and KtMnCle, have been prepared 
These salts, however, are not stable and are of little interest to the analytical chemist. 
The dioxide, MnOj, occurs in nature as the mineral pyrolusite, which is the most 
important source of all manganese compounds and can be regarded os the anhydride 
of manganous acid, HjMnOj, which is known to have salts called manganites 
The potential of reaction (c) m the above table indicates that it ought to be possible 
to form Mn04" from MnOj, and conversely that MnOi can be expected to be formed 
as a reduction product when permanganate acts as an oxidizer. Potassium per- 
manganate is much used for the oxidation of many organic compounds in neutral 
or alkaline solutions, and MnO, is the reduction product that is usually formed. 
The potential of reaction (6) shows that MnOi in alkaline solution should be converti- 
ble into a manganate, such as NajMnOi Ail manganese oxides, on being fused with 
caustic alkali or alkali carbonate in the air or in the presence of some oxidizing agent 
such as potassium nitrate, are converted into green alkali manganate, and this 
reaction has frequently been used as a sensitive test for manganese. Usually the pre- 
cipitate of manganous hydroxide produced by adding sodium hydroxide to the solu- 
tion of a manganous salt is fused with sodium carbonate on platinum, and if the melt 
assumes a green color, the presence of manganese is indicated. The potential of 
reaction (f) shows that manganese dioxide is a good oxidizing agent, and this corre- 
sponds to the fact that we can dissolve it by treating w ith acid and any good reducing 
agent, such as a ferrous salt, an oxalate, o sulfite, or hydrogen peroxide. With hot 
concentrated hydrochloric acid, chlorine is formed. 

MnO, + 2Fe^ + 411* « Mn++ + 2Fe**+ + 2H,0 
MnO, + C,Or" + 4II+ = Mn*+ + 2CO, -f- 2H,0 
MnO, + 11,0, -f- 2II* = Mn*+ + 0, + 211,0 
MnO, + 2IIC1 = MnCI, + Cl, 


Aside from its characteristic color and use as a qualitative test, the green manga 
note anion MnO,'" is of little interest to the analytical chemist. Equations (b) 
and (c), however, show that the oxidation potential of the manganate anion is close 
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to that of the permanganate anion. Sometimes, in the analysia of duplicate samples, 
the chemist finds after an oxidation treatment that one sample is green, showing the 
presence of manganate, and the other is purple owing to the formation of per- 
manganate. 

Permanganate ions, Mn 04 “, have such a strong color that a single drop of a 
tenth-normal permanganate solution will impart a perceptible color to 500 ml of 
another solution. Permanganate, therefore, is its own indicator. In most oxida- 
tions with permanganate that take place in acid solutions, the permanganate anion 
is reduced to colorless manganous cations and the reduction potential of the per- 
manganate under those conditions is shown by equation (ft) in the table on p. 534. 
In a nearly neutral solution, however, permanganate is capable of oxidising man- 
ganous ions to the quadrivalent state, to which it is itself reduced. This is the 
so-called Volhard titration. 

3Mn++ + 2Mn04' + 2HjO « SMnO, + 4H+ 

The potential values given on p. 534 should not be regarded as absolutely accurate. 
The measurement of some of these potentials is difficult, and sometimes it is hard 
to prevent some side reaction from taking place. The work performed in any 
chemical reaction of oxidation-reduction can be measured in joules or watt-seconds, 
that is, by multiplying the quantity of electricity involved by the voltage shown. 
1! manganese from any valence is converted into manganese at some other vdence, 
the work performed is theoretically the same whether the oxidation takes place all 
at once or in several stages. This enables one to compute some of the potential 
values in the table on p. 534 from other values that are given. In making such com- 
putations, the signs before the voltages in the table merely indicate which direction 
the current is moving; it is purely arbitrary whether the signs are made positive or 
negative (cf. p. 630). To show how computations can be made, the following illus- 
tration will serve: 

Reaction (J) on p. 534 representstheoxidationofbivaJent manganese to the quadri- 
valent state. Reaction (t) covers the oxidation of quadrivalent manganese to the 
septavalent state, and reaction (ft) the oxidation of bivalent manganese dhectly to 
the septavalent state. In other words, reaction (ft) represents the sum of reactions 
(/) and (t), and the work done is theoretically the same whether the reaction takes 
place in the two stages or all at once. 

Energy is composed of two factors, an intensity factor and a capacity factor. 
The work done is measured by the product of these two factors Thus, in measuring 
the work done in compressing a gas, we must take into consideration the change in 
volume (capacity factor) and the pressure (intentity factor), and the work done is 
measured by multiplying the pressure by the volume- In electrical units, the work 
done is measured by multiplying the amount of electricity moving (expressed in 
coulombs, ampere-seconds, or ampere-hours, etc.) and the potential difference 
(expressed in volts). In all the reactions given in the table on p. 634, therefore, the 
work done, or, as it is sometimes expressed, the change in the free energy, is propor- 
tional to the number of electrons liberated multiplied by the voltage shown. Thus 
in equation (c) the work done is proportional to tte product 2 X 1.1. In the oxida- 
tion of a gram atom of manganese from the metidUe to the manganous state, 2 
faradays of electricity (2 X 96,500 coulombs or ampere-seconds or 2 X 26.82 ampere- 
hours) are involved, and the potential drop is 1.1 volt. 

Then, with respect to equations (/)» (*)» and (ft) in the table on p. 634, if we call the 
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respective voltages vi, vt, and vj, we have 

2in + Stfi — Svt 

and if two of these values are known, the third can be computed. In such compu- 
tations, it should be borne m mind that none of the values given in the table is to be 
regarded as absolutely correct. Whatever errors there may be in the values given 
for t>i, vj, and fa are multiplied by 2, 3, and 5, respectively, so that the result of the 
calculation may differ a little from the value given. Thus 

2 X 1.33 + 3 X 1.63 = 7.55 

but 5 times the value given for »t in the table is 5 X 1.52 = 7.60, and this is as 
near as such computations can be expected to check. In this particular case, it is 
well to note that reaction (A) is the sum of reactions (f) and (i) and not the sum of 
reactions (c) and (/). Reaction (c) is very amilar to reaction (t) but refers to a 
solution which is normal in Oil* whereas (t) refers to one which is normal in H'*'. 

When potassium permanganate acts as an oxidizing agent in distinctly acid 
solution, the manganese is reduced from a positive valence of 7 to a positive valence 
of 2 and the manganese atom accepts 5 electrons from the substance oxidized; 

MnO«“ + 8H* + 5e = Mn+-*- -}• 4H,0 

The equivalent weight of potassum permanganate, or the quantity required to 
make 1 1 of normal solution, is, therefore, one-fifth of the molecular weight. In 
many reactions which take place lo neutral or alkaline solutions, a precipitate of 
manganese dioxide is formed corresponding to a reduction to the quadrivalent state, 
but, since a solution of potassium permanganate is usually standardized in acid 
solution with complete reduction of the manganese to the bivalent state, it is custom- 
ary to express the normality of permanganate on this basis. 

The following equations represent the action of permanganate on some of the 
common substances which are oxidized quantitatively by it: 

MnOr + 5Fe+^ + 8H+ = Mn++ -1- 5Fe-^+ + 4H*0 
2MnOr + 50,0,“ + 16H+ -» 2Mn++ + lOCO, + 8H,0 
2MnO,' -1- 5Sn*+ + I6H+ -^2Mn-^ + 5Sn*^ + 8H,0 
2MnO," + lOr + IGH* — 2Md^ + 5Ii + 8H,0 
2MnOr + 3 Md'*-^ -k 2H,0 -» 6MnO, -f- 4H+ 

2MnOr -f 5H,0, + 6H+ -*■ 2Mn^-^ + 8H,0 + 50, T 

Preparation of Tenth-Normal Permanganate Solution 

Weigh out on a watch glass approximately 3.2 g of potassium per- 
manganate crystals and dissolve in 1 1 of water. Boil the solution 
10-15 minutes, allow to stand over night, or longer, and filter through 
asbestos. 

For filtering the permanganate solution a thin asbestos felt on top of some glass 
wool in an ordinary funnel is satisfactory, and with such a filter no suction is needed. 
This is better than a Gooch filter, as contact of the permanganate solution with 
rubber will cause the formation of MnO,, and KMnO, solution containmg MnO, 
b always unstable. 



538 


OXIDATION METHODS 


< The end point in a permanganate titration is easily obtained because 
1 drop of the permanganate in excess imparts a distinct pink color to 
the solution. In permanganate work, therefore, there is not so much 
danger of running over the end point as with dichromate titrations and 
it is not necessary to have a solution on hand to.titrate back with when 
the end point is overstepped. Many analyses, however, are accom- 
plished by adding a measured volume of reducing agent of known 
strength and titrating the excess with permanganate. A solution of a 
ferrous salt is the coirunonest reducing agent thus used, but, as it oxidizes 
slowly on standing, its strength must be determined every day that it is 
used. A pure permanganate solution will keep indefinitely provided 
that it is kept in the dark, free from dust and reducing vapors. Ordinary 
distilled water, unless permanganate was present in the boiler, contains 
traces of organic material which will reduce permanganate slowly, and 
this is why it is well to boil the solution, let it stand some time before 
using it, and then filter it. Manganese dioxide is usually formed when 
the permanganate decomposes, and the presence of this substance serves 
to catalyze further decomposition so that it should be removed by 
filtration. 


Standardization of Peruanoanate Solution 
1. Against Sodium Oxalate (SSrensen)^ 

1000 ml of 0.1 N permanganate solution • 0.700 g NaaCsO* 

Sodium oxalate suitable for standardizing solutions can be obtained 
from the National Bureau of Standards at Washington, D.C. This is 
the most reliable standard of all those that have been proposed. Dry 
the sample for an hour at 130®. For the standardization Fowler and 
Bright^ recommend the following procedure. 

Procedure. Transfer 0.3 g of sodium oxalate (dried at 105®C) to 
a 600-inl beaker. Add 250 ml of diluted sulfuric acid (5 + 95)® previ- 
ously boiled for 10 to 15 minutes and then cooled to 27 d= 3®C. Stir 
until the oxalate has dissolved. Add 39 to 40 ml of 0.1 N potassium 
permanganate at a rate of 25 to 35 ml per minute while stirring slowly. 
Let stand until the pink color disappears (about 45 seconds). Heat to 
55 to 60®C, and complete the titration by adding permanganate imtil a 
faint pink color persists for 30 seconds. Add the last 0.5 to 1 ml drop- 
wise with particular care to allow each drop to become decolorized 
before the next is introduced. 

and. Chem., 42, 352, 512 (1903); 46, 272 (1906). 

* J. Research Natl. Bur. Standards, 16, 493 (1935). 

•This means 5 ml concentrated acid + 95 ml water. 
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Determine the excess of permanganate required to impart a pbl 
color to the solution. This can be done by matching the color by addini 
permanganate to the same volume of the boiled and cooled diluted sul 
furic acid at 55 to C0'’C. This correction usually amounts to 0.03 U 
0.05 ml. 


2. Against Oxalic Acid 

Going to its water of co'stallization, oxalic acid, HjCj 04 ’ 2 Hj 0 , is no 
60 reliable a standard as the sodium salt. Its cquiv’alcnt weight i 
H mole ®= G3.03, the same as when it acts as an acid. 

It is sometimes desirable to check up the oxidimctric and alkalimetri 
standards; oxalic acid, potassium binoxalato, or potassium tctroxalat 
can serve for this purpose. The method of titrating is the same a 
in 1. The equivalent weights of these throe substances arc quit 
similar as retluctng agents but vco* different a.s acids. Thus in i 
liter of aqueous solution the tabulated relationships hold. 



Normality 
05 Acid 



1 A' 

IN 

OS mole • 01 OG g KllCtO* 

0.5 A* 

IN 

0.25 mole •• 03 55r KnC|0«-II,CjO, 2UjO 

0.75 A’ 

IN 


3. Against Metallic Iron 

It wan formerly tlic general practice to standardize permnnganat 
ngainvt iron uire, particularly when the standanl solution was to h 
u.=e<l for the titration of iron ores. The practice is not to l)c rccorr 
mende<l l)ceau«e of the rea<!iiicss with wliich the material rusts an 
Ixx-auy' a low c.arlx)n ronteiit inniicneas the result.^, not alway.s in tl: 
same way. If, ho\\cvcr, a solution of permanganate b? standardize 
ngain'^t KMlium oN.alnte and nl<o again'?! iron virc, then the apporc) 
iron value of (ho wire is known nml it ran l>o usotl ns a standatxl. TIi 
metlioil is a.s follows. 

^Wngh out 0.2 R of the wire into a 2fK)-250-mI fla"!; ns shown i 
fig. 8-lrt. Displace the air hy inlnxlucing a sirvam of carlfon dioxidi 
which haspa«.s<.«l tlirough a IxUtle rontnining water and another cor 
lainiiJR ro})j>er sulfate solution (to mno\e II^S). DUkiIvp the wire i 
55 rnl of 3.0 .V sulfuric add. During (he tlissjlving of the wire, sxij 
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port the flask as shown in the drawing, and with the gas-exit tube 
closed with a rubber stopper which is connected with a Bunsen valve.’ 



PiQ. 84a. Fiq. 846. 


Heat the contents of the flask by means of a low flame until the wire 
has entirely dissolved, then boil the solution gently for a short time. 
Allow to cool, remove the stopper, and titrate with permanganate. 

4. Against Sodium Thiosulfate 

See “ lodimetry.” 

^ A Bunsen valve consists of a short piece of rubber tubing with a cut along a few 
centimeters on one side, and the outer end of the tubing is closed by a glass rod. 
This valve prevents the entrance of wr from without. A flask larger than 250-inI 
capacity is likely to be so thin as to break during the cooling of the iron solution. 
In Fig 84a, instead of a glass rod at the end of the valve, a glass tube is used which 
is sealed at one end and has a hole on one side. This tube serves to prevent the 
collapse of the rubber tubing at the place where the slit is formed. Instead of the 
Bunsen valve, the Contat-Gockel vfdve can be used as shown in Fig. 846. The 
funnel contains sodium bicarbonate which is drawn into the flask below as the solu- 
tion cools, thereby filling the flask with carbon dioxide, the pressure of which stops 
the flow of Boiulion into the flask. 



STANDARDIZATION OF PERMANGANATE SOLUTION 


6. Agftinst Hydrogen Peroxide 
See “ Gas Analysis.” 


6. Against Ferrous Ammonium Sulfate 

(NHOsSOi-FeSO^-GHaO 

Mohr proposed the use of this salt as a standard and it can be pur- 
chased in a high state of purity. The equivalent weight is 392.14 
or nearly 6 times as large as that of sodium oxalate. This makes it 
easier to weigh out a sample accurately to four significant figures. The 
substance is not so reliable a standard because of the danger of losing 
water of crystallization and of oxidizing. Thus a sample weighed out 
and allowed to stand in a moist beaker for some time is likely to undei^o 
partial oxidation. The best way to determine whether a sample is 
suitable is to check up the standardization values obtained with this 
substance and with sodium oxalate. The gravimetric determination of 
the iron content is likely to lead to error; usually the values for iron 
are found a little too high and this gives low results in the stand- 
ardization. 

Procedure. For the standardization of 0.1 N permanganate, weigh 
out samples of about 1.5 g to four significant figures. Add 10 ml of 
18 N sulfuric acid, dilute to 100 ml, and at once titrate- 

7. Against Arsenious Oxide> AsjOj 

Arsenious o?dde can be obtained in a state of high purity and has been 
used a great deal in iodimetry. The reaction 

SAsClj + 2 Mn 04 ' + 12HiO -♦ 5 H»As 04 + 2Mn-H- -f- i5Cr + 9H+ 

takes place smoothly at the beginning but a ycllowish-grocn color soon 
appears as a result of the formation of somo trivalcnt manganic salt. 
In a hot solution the reaction can be carried out as indicated, but it is 
better to add a trace of iodalc or iodide as catalyzer because permanga- 
nate can be reduced by hot hydrochloric acid. 

Procedure. Weigh out 0.2 to 0.25 g of pure AsjOj to four significant 
figures. Dissolve the oxide at room temperature in 10-15 ml of 6 2^ 
IICI; if the solution was boiled some AsCls would be lost by volatiliza- 
tion. Dilute the solution with SO ml of water, add 1 drop of 0.002 jlf 
KIOj solution, and titrate with pennanganate to the first rose color. 
The raillicquivalcnt of AstOa is 0.O104G g. 
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Stability of Potassium Permanganate Solutions 

A pure peimanganate solution will keep indefinitely, provided that it 
is kept free from dust and reducing vapors.^ For very accurate work, 
however, it is advisable to standardize the solution frequently. The 
addition of 10 g caustic potash per liter increases the stability of the 
solution. 


Uses of Permanganate Solution 
1. Delermination of Iron 
Method of Margueritte (1846) 

f 0.005585 g Fe 

1 ml of 0.1 N ICMnO* corresponds to j 0 007185 g FeO 
i 0 007985 g FeiOi 

In this determination the iron is oxidized from the ferrous to the ferric 
condition: 

MnOr + 5Fe^-^• + 8H+ Mn-H- + 5Fe+++ + 4HsO 

To each 100 ml of the ferrous salt solution add 5 ml of 6 A sulfuric acid, 
and at a volume of about 400 ml titrate in the cold by adding potassium 
permanganate from a buret with glass stopcock imtil a permanent pink 
color is obtained. 

This determination affords very accurate results and is unquestionably 
one of the best methods for determining iron. It, like all other pro-' 
cedures for titrating iron with an oxidizing solution, depends upon the 
preliminary reduction of any ferric iron to the ferrous state and sulfuric 
acid is the only permissible acid with this procedure. 

Reduction of Ferric Sains to Ferrous Salts 

The reduction of ferric to ferrous salts can be accomplished in a 
number of different ways. 


1. By Hydrogen Sulfide 

Saturate the solution with hydrogen sulfide and boil off the excess 
while introducing CO 2 into the solution which is contained in a flask. 


i In June, 1899, 1 ml of a KMn 04 solution == 0.005485 g Fe; in March, 1900, 
1 ml of the KMn 04 solution = 0.005476 g Fe. See also Morse, Hopkins, and 
Walker, Am. Chem. J., 18, 401. 



DETERMINATION OF IRON 


&13 


2. By Sulfur Dioxide 

Nearly neutralize the solution containing the ferric salt •arith sodium 
carbonate,* add an excess of sulfurous acid, boil, and pass a current of 
carbon dioxide through it until the excess of the reagent is completely 
removed.® Test a drop of the solution with thiocyanate to make sure 
that the reduction is complete; cool in an atmosphere of carbon dioxide 
and titrate. 

3. By Metals 

Metallic zinc, cadmium, or aluminum can be used to reduce ferric ions to the fer- 
rous state. This can bo done b}' adding small pieces of the pure metal to the ferric 
solution in a flask like that shonm in Fig. a on p. 540 and heating on the water bath 
until the ferric solution is reduced and all the e.tc^ metal dissolved or removed by 
rapid filtration through a funnel containing a platinum cone. In carrying out such 
reductions it must be remembered that titanium, nhich is likely to be present in 
small quantities of most rocks, is reduced by these metals to the trivalent condition, 
nhercas it is not reduced by hydrogen sulfide or sulfurous acid. Instead of pure 
zinc, chemists often prefer to use amalgamated zinc in a so-called Jones rcductor 
(Fig. 85). The amalgamated zinc docs not react nitli dilute sulfuric acid and liberate 
hydrogen but docs reduce ferric sulfate solutions because, os the table of oxidation 
potential shows (p. 532), ferric ions are much easier to reduce than hydrogen ions. 

To prepare a Jones redueurr, take some 20- to SO-mesh zinc, cover with dilute 
hydrochloric add, and add mercuric chloride solution while stirring up the ztne, until 
the evolution of hydrogen cca-vjs. In the bottom of the rcductor tube place a per- 
forated disk or some pieces of gloss, on top of thb a wad of gloss wool, and then just 
a little asbestos suspension {p. 30). If this asbestos layer is too thick, the rtductor 
is likely to run slowly, and if too thin, some zinc powder may run through and spoil 
an analysis. Fill the rest of the rcductor tube with the well-washed, amalgamated 
zinc. The use of the rcductor is explained below. 

Determination of Iron in Iron Ore with the Jones Rcductor. Weigh 
out 0.5-g samples to four .cignificant figures and dissolve by heating with 
20 ml of 0 N hydrochloric acid. To the resulting ferric chloride solution 
add 12 ml of 18 N sulfuric acid and evaporate, without boiling, until all 
hydrochloric acid has been rcmovetl, ns slionii by the lack of odor or by 
the formation of sidfuric acid fumes. Cool, dilute carefully with 100 
ml of water, and run through tlie properly prepared rcductor vitli which 
blanks have ju-^t been run. From the total volume of permanganate 


» I'crric sails arc not completely reduced by sulfurous acid in the presence of 
considerable bydrodiloric or siiirunc acid. 

• It w not advisable to depend upon the fcn«c of smell. Test escaping gas from 
the flask by passing it through dilute sulfuric acid containing a few drops of 0.1 N 
KMnO, dilution If the latter is not clccolorucd at the end of 2 or 3 minutes, 
the cicro of sulfurous acid has been remoxed. 
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solution used in the analysis, deduct the volume required in the 
blank. 

In making blanks and in all determinations, the procedure is as 
follows. Add 100 ml of normal sulfuric acid through the funnel B, 



with the stopcock C open, using a little suction. When only a little 
of the dilute acid remains in the funnel, add the solution to be reduced 
or, in the case of blanks, 50 ml of 1.5 JV sulfuric acid, and when this 
has nearly passed out of the funnel, follow with 250 ml of normal sulfuric 
acid, washing out the original beaker with this acid and adding it in 
small portions. Finally, pass 100 ml of water through the reductor. 
At no time, however, should any mr be allowed to enter the reductor 
tube, which should always be kept full of water when idle. Run blanks 
until two successive tests require less than 0.2 ml of 0.1 N permanganate 
to give a pink color to the acid solution. 
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4. By Stannous Chloride 

This method is especially suited for metallui^cal purposes, because it can be 
■ccomplishcd most rapidly and hydrochloric acid is the best solvent for iron ores. 

Ferric chloride in hot solution is caaly reduced by stannous chloridet 
SnCi, + 2FeCl, + 2Ha = II,SnCU + 2FeCU 

The complete decolorization of the solution shows the end point of reduction, 
rhe excess of stannous chloride is afterward oxidized by means of mercuric chloride: 
SnCl, + 2IIgCli + 2Iia = HiSnCl, + Hg,Cl, 

Requirements, (a) Stannous chloride solution. Dissolve 50 g of stannous 
hloridc in 100 ml of concentrated h 5 *drochloric acid and dilute with water to a 
'olume of 1 1. 

(6) G N hydrochloric acid. 

(c) Mercuric chloride solution. A saturated solution of the pure commercial 
alt in water is used. 

(d) Manganese sulfate solution. DissoU*e 67 g of crj'stallized manganous sulfate 
'MnSOi-4HjO) in 500-C00 ml of water; add 13S ml of phosphoric acid (d 1.7) and 
130 ml of concentrated sulfuric acid; dilute the mixture to 1 1. 

Determinatioa of Iron in an Ore by the Zimmermann-Reinbardt 
Method 

Procedure. Wcigli out 0.25-0.3 g of the finely powdered mmcral 
into a small beaker, add 20 ml of 0 N hydrochloric acid, cover the beaker 
with a watch glass, and heat, just below the boiling temperature, until 
the residue is apparently free from reddish browm mineral. Remove the 
flame, and add the stannous chloride solution, drop hy drop, until the 
iron solution ju.st becomes colorlcs.s, avoiding an c.\ccss. Cool to at 
lca.st room temperature and add quickly 10 ml of mercuric chloride 
solution, whereby a slight silky precipitate of IIgsCJ 2 is formed. ‘ After 
5 minutes, dilute tlic solution to alx)ut 400 mi, add 20-25 ml of the 
manganese sulfate solution, and titrate the cold mixture (ven.' slowly) 
with pola^sium permanganate until a pink color permanent for 15 
seconds is obtained. Towanl the la.st take care not to add a drop of 
pennanganate until llic color of the prccc<ling drop has disappeared. 

TirnATiov or FEnnocs Salts i.v HrunooiLonic Acid Solctiov 

Tlie tJtralion of iron in hydrochloric acid (whilion gives high results unless par- 
ticulnr prec-autions arc uken. If diliilc permanganate solution is allowed to run 


‘ If the prccipit.atr producetl by tncmiric chloride is at all gmybh in color, the 
Kohitjnn mut l*r tlimwn away; t(K> hirjm an cxccm of stannous chloride was used. 
Moitos rr. the end |xiint with permanganate is diflicult to ccc if the eolulion contains 
much precipitate. 
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into a cold dilute solution of ferrous chloride containing hydrochloric acid, the 
permanganate is decolorized and the iron is oxidized, but there is noticeable evolution 
of chlorine.* More permanganate is used than is necessary to oxidize the ferrous 
salt to the ferric condition. 

•If, however, permanganate is run into cold, dilute hydrochloric add, in the 
absence of ferrous salt, there is no evolution of chlorine. Furthermore, the presence 
of a ferric salt does not cause evolution of chlorine. The chlorine, therefore, is not a 
result of the direct action of the permanganate upon the hydrochloric acid, but is 
probably due to the oxidation of the ferrous ion to an unstable state of oxidation 
corresponding to a perchloride, a peroxide, ferric add, or perferric add. 

When permanganate is run into a dilute hydrochloric acid solution containing 
ferrous chloride and considerable manganous salt, the ferrous iron is oxidized quanti- 
tatively to ferric iron and there is no evolution of chlorine. This was shown by 
Kessler® in 1863 and by Zimmermann* in 1881. It has since been confirmed by 
many other chemists.* 

This can be explained os follows: Permanganate ions react with manganous ions 
to form, as Volhard* proved, quadrivalent manganese. In this state of oxidation, 
manganese is unstable in add solution, but it is reduced more readily by ferrous ions 
than by chloride ions. 

Zimmermann* suspected, and Manchot’a* experiments confirm this view, that 
iron like manganese has a tendency to form unstable compounds as primary oxidation 
products. If such a compound is formed in the presence of manganous ions, the 
iron will give up its excess charge to manganous rather than to chloride ions, pro- 
vided that sufficient manganous ions are present. 

According to Manchot there is a tendency in all oxidations to form an unstable 
compound as the primary oxidation product. When hydrogen bums In air, a little 
hydrogen peroxide is formed; when sodium burns, sodium peroxide results. In 
most cases, these primary products are unstable and cannot be isolated because of 
the readiness with which they are reduced to a more stable condition. When an 
acceptcn* is present it will take up the excess charge which is lost when the primary 
product is reduced; in aqueous solutions in the absence of any other acceptor, free 
oxygen is evolved. 

According to the method of oxidation, iron tends to form different pnmary states 
of oxidation. In the direct oxidation of iron by oxygen, the primary oxide appears 
to be FeOj; in the oxidation by means of permanganate, chromic acid, or hydrogen 
peroxide, the primary oxidation product appears to contain iron with a valence of 
5, whereas iron with a valence of 6 b probably formed if hypochlorous acid is the 
oxidizer. 

* Lowenthal and Lenssen, Z. anal. CAm., 1863, 329. 

* Pogg. Ann., 118, 779, and 119, 225. 

* Ber., 14, 779, and Ann. Chem. Pham., 213, ^)2. 

* For example, J. A. Friend, J, Chem. Soe., 95, 1228 (1909). C. C. Jones and J. H. 
Jeffery, Analyst, 34, 306 (1909). 

* Ann. Chem. Pharm., 198, 337. 

* Ber., 11, 779, and Ann. Chem. Pharm., 213, S02, 

® Ann. Chem. Pham., 325, 105 (1902). 

* An acceptor is a substance which is not oxidized by oxygen alone, but can be 
oxidized by the aid of some other substance present called ssP auto-oxidaior. 
substance which tends to be peroxidized may play the part of an acceptor. C • 
Engler, Ber., 33, 1097 (1900). 
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According to Manchot, potassium permanganate first causes the formation of 
quinquevalcnt iron. If sufficient manganese ions are present, these play the part 
of acceptor, but otherwise, in hydrochloric acid solution, some chlorine is formed: 

+++ 

3 Mn 04 - + 5Fe++ + 24H+ -♦ 3Mn++ + SFe-^ + 12HiO 
Fe^ + Mn++ -» Mn^ + Fe+++ 

Mn++ + 2Fe++ -» Mn++ + 2Pe+++ 

+ 2Cr Cl, + Fe*++ 

The action of the manganous sulfate is partly to regulate the reaction between 
ferrous and permanganate ions, for, according to Volhard, the manganous ions tend 
to react with permanganate, thus slowing down the reaction between permanganate 
and ferrous ions. The quadrivalent manganese formed by the action of permanganate 
on manganous ions at once reacts with ferrous Ions; the manganous ions also act as 
acceptor toward any iron oxidised above the trivalent state. In both cases it is 
essential that manganese peroxide does not react with hydrochloric acid very 
rapidly, and it is necessary, too, that the amount of manganous salt shall greatly 
exceed the amount of iron present 

Although it is possible, then, to titrate iron in hydrochloric acid solution? in the 
presence of manganous sulfate, the method possesses the disadvantage that the end 
point cannot be seen so distinctly as nben no chloride is present, since ferric chloride 
forms a much more yellow solution than docs ferric sulfate. This difficulty is over- 
come by the addition of phosphoric acid as suggested by C. Heinhardt. The titration 
in hydrochloric acid in the presence of manganese sulfat.- and phosphoric acid is 
call^ the Zimmennann-Reinhardt method (cf. p. 545). 

Determination of Metallic Iron in the Presence of Iron Oxide 

This method is useful for testing /errum reductum, which is obtained 
by the reduction of FcsOs in a stream of hydrogen. Usually the re- 
duction is not complete and the preparation contains, besides the 
metallic iron, some oxide, usually assumed to be Fe 304 . The value of 
the preparation depends upon the free iron content. 

a. Method of Wilner^Merck^ 

Principle. The method is based upon the fact that a neutral solution of mercuric 
chloride dissolves iron according to the equation 

Fe + Hga, * Hg+ FeCl, 

while the FcjOi is not attacked. The solution of ferrous chloride is titrated with 
permanganate solution. 

‘ Farm. Tulskrifl, 1880, 225. 

* Z. anal. Chem., 41, 710 (1002). 
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Procedure. Place about 0.5 g of ferrum redudum powder* in a 
100-ml graduated flask, from which the air has been replaced by CO 2 ; 
add 3 g of solid mercuric chloride and 50 ml of water. Heat the con- 
tents of the flask to boiUng, by means of a small flame, and boil gently 
for a minute. Then fill the flask to the mark with boiled water. Cool 
to 20® and again carefully bring to the mark. Shake well, and allow 
to stand in the stoppered flask until the precipitate has settled. Pour 
the liquid through a dry filter, reject the first 15 ml, and catch 20 ml 
of filtrate in a flask filled with carbon dioxide. To this add 20 ml of 
7 N sulfuric acid and 10 ml of manganese sulfate solution,® dilute to 
200 ml, and titrate with 0.1 N permanganate solution. 

i3. The Ferric Chloride Method? 

Prindple. A neutral Bolution of ferric chloride dissolves metallic iron with the 
formation of ferrous chloride: 

Fe + 2FeCh = SFeCU 

If the ferrous chloride formed is titrated with permanganate solution, one-third of 
the iron thus found corresponds to the weight of metallic iron present m the sample. 

' Proceed in exactly the same manner ^ in (a) but use 60 ml of ferric 
chloride solution, obtained by dissolving 2.5 g of anhydrous ferric 
chloride in cold water, instead of the 3 g of mercuric chloride. Stop- 
per the flask and shake 15 minutes in an atmosphere of CO 2 before 
diluting to the mark. The ferric chloride should give a clear solution 
in cold water and be perfectly free from ferrous salt, 

2. DefeTminadon of Manganese in Steel 

Manganese exists in ordinary steels as a solid elution with iron. Small quantities 
of manganese may be present as nsanganous sulfide or silicate, forming a part of 
the slag that is unintentionally left in the steel; breaks in the metal often start from 
such inclusions. Manganese, in the form of ferromanganese or “ spiegeleisen/' is 
introduced into molten steel for the purpose of deoxidizing and desulfurizing the 
metal and to prevent " red shortness ” or brittleness during the forging heats. Some 
eitcess always appears in the finished steel, which ordinarily contains 0 2 to about 

1.0 per cent. Manganese tends to increase the hardness and decreases somewhat the 

ductility of ordinary steels. 

In metals containing more than 1 per cent of manganese, the hardness and brittle- 
ness increase rapidly, reaching maximums between 5 and 6 per cent, when it is prac- 

^ A coarse powder is not decomposed quantitatively. 

* See p. 545. 

»A. Christensen, Z, anal. Chem., 44, 536 (1905); see, also, E. Schmidt, Chem. 
Ztg., 21, 700 (1897); A. Marquardt, Chem. Zlg., 26, 743 (1901); F. FSrster and V. 
Herold, Z. EUUrochem., 16, 461 (1910). 
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tically impossible to machine the metal with any tool. Beyond 7 per cent of man- 
ganese causes progressive increase in the ductil>ty» and steels containing 13 per cent 
manganese are very strong, tough, and ductile. The addition of manganese to steel 
lowers the transformation temperatures (see “ Carbon ") and makes the transforma- 
tions take place in a sluggish manner. Sometimes the Au point (see p. 342) falls 
below the ordinary room temperature and self-hardening steels result. 

Samples of iron or steel are usually dissolved in hot dilute nitric acid when man- 
ganese is to be determined. If tungsten is present, sulfuric acid is commonly used 
followed by nitric and sometimes phosphoric acid- 

Usually it is not necessary to get rid of the iron before attempting to determine 
manganese because reactions t 3 T>icaI of manganese can be made to take place in the 
presence of considerable quantities of ferric salt. 

A fair separation of manganese from iron can be accomplished with ammonia and 
ammonium chloride, but when much iron and little manganese are present this 
method is rarely used; the precipitate of ferric hydroxide is very bulky and hard to 
handle, and the separation is never satisfactory with a single precipitation. The basic 
acetate separation, which depends upon the precipitation of basic ferric acetate, 
ferric phosphate, etc., by boiling the faintly acid solution with considerable sodium 
acetate, is better but also very tedious. More satisfactory is the treatment with an 
emulsion of sme oxide and water. This serves to precipitate hydroxides which are 
more insoluble than zinc oxide. When this treatment is carried through it is custom- 
ary to make up the solution and precipitate to a definite volume, ini.x well, and 
take a fraction (aliquot) of the filtered solution for the subsequent analysis A slight 
error is introduced by the volume occupied by the precipitate, but the actual weight 
of the precipitate from 3 g of steel in 500 g of solution is relatively small, and the 
bulky ferric hydro.xide precipitate tends to adsorb enough manganese to compensate 
for the fact that the actual volume of solution is somewhat less than 600 ml. 

— : — — ... 


acid solution (d 1 10) is shaken with a larger volume of ether, nearly oil the ferric 
chloride, considerable hydrochloric acid, but jjo manganous chloride will pass into 
the ether layer. Tins is the Rotbe ether separation, which has been much used in 
analytical chemistry. (2) If a dilute hydrochloric acid solution of ferric and man- 
ganous chlorides is treated with cupferron — the ammonium salt of phenylnitroso- 
hydroxylamine, CtH»(NO)NONHt — ferric ions are precipitated as the salt of 
cupferron; in 3 cupferron molecules the NH« groups are replaced by Fe. 

Practically all methods used for determining manganese in steel, or other ferrous 
alloys, are based upon the oxidation of bivalent manganous ions to some higher 
valency. In one method (Volhard’s) the quantity of oxidizing agent (I^MnO*) 
required to accomplish the oxidation is measured, but in most methods the oxidized 
manganese is treated with a carefully measured quantity of reducing agent and the 
excess determined by titration with permanganate. Sometimes the analysis is 
finished by comparing the color of the permanganate produced by suitable oxidation 
with that corresponding to known quantities of permanganate. In this book four 
methods of determining manganese in steel will be described. 
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Volhard Method^ 

1000 ml N KMnO« = ^ = JG.48 g Mn 

If an almost boiling, nearly neutral solution of manganese sulfate is slo'trly treated 
with a solution of potassium permanganate, each drop will cause the formation of 
manganous acid (HaMnOj). Under ideal conditions the reaction takes place as 
follows; 

2MnOr + 3Mn-^ -f 7H,0 -tSHiMnO, + 4H+ 

According to this equation, 2KM0O4 (10 eqmvalents) react with SMn"*^ (cf. 
p. 637). 

A. Guyard, who hrst determined manganese by this method, assumed that the 
oxidation took place according to the above equation. 

In reality, however, instead of pure manganous acid being precipitated, different 
acid manganites of varying composition are formed; for example: 

4KMnO* + llMnSO* + 14H»0 = 4ICHSO4 -f + 5Mn(HMnO|)t 

Volhard has shown that if calcium, barium, or, better still, sine salts, are present, 
manganites of these roctals are precipitated. The precipitate, although varying in 
composition, then contains all the manffanese in the quadrivalent Jorm. 

Weigh out, to three significant figures, three separate portions of 2 g 
of steel into 300-ml porcelain casseroles. Cover the dishes with watch 
glasses, and dissolve each sample by the gradual addition of 25 ml of 0 
N nitric acid. When the sample has dissolved, raise the cover glass, 
evaporate to dryness, and ignite carefully to decompose nitrates. Cool 
and digest the residue with 20 ml of concentrated hydrochloric acid. 

If a dark residue remains undissolvcd, evaporate the solution to dryness agam, 
dehydrate silica by heating an hour at 125*, warm with 10 ml of concentrated hydro- 
chloric acid, dilute, filter, and wash the reridue thoroughly, first with a little hot 
2 N hydrochloric acid, then with cold water, and finally uith hot water. If there 
is no dark-colored residue containing graphite, this treatment is unnecessary. A 
carbonaceous residue is always more or Jess oxidizable and must be removed. 

Evaporate the hydrochloric acid to dryness. Moisten the residue with 
10 ml of C hydrochloric acid, warm, and evaporate to a small volume 
but not to dryness. Transfer to a 500-ml measuring flask, first filtering 
if there is much residue, and dilute with cold water to about 200 ml. 
Add 6 N sodium carbonate solution in small portions until the ferric 
chloride solution has a deep red color and then small quantities of a 
suspension of zinc oxide in water, shaking after each addition of oxide 
and continuing until a point is reached where the liquid suddenly coa^- 
lates forming a heavy precipitate of ferric hydroade. Fill the flask with 

Mnn. Chem. Pharm., 198, 318 (1879). Cf. W. Fischer, Z. anal. Chem., 48, 7^ 
(1909); Cabin and Little, Analyst, 36, 52 (1911). The method was really proposed 
first by Morawski and Stingl, Chem. Newe, 38, 297 (1878). 
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water up to the mark, mix thoroughly by pouring back and forth into a 
beaker several times, allow the precipitate to settle, and filter through a 
drj’ 18-20 cm filter. Reject the first 5 ml of filtrate and collect the next 
250 ml in a measuring flask. Transfer the solution to a 500-ml flat- 
bottomed flask, add 5 ml of 6 jV acetic acid, and titrate until the hot 
solution (80-90®) appears pink above the bro^vn precipitate, best viewed 
in the neck of the flask against a light background. Add the KMn 04 
in milliliter portions to the first sample until the end point is over- 
stepped. To the other samples, add nearly all the requisite IQIn 04 
at once. 


Bismuthate Method* 

1000 ml N KMnO, = 10.90 g Mn 

This method originated with Schneider,* who used bismuth tetroxide as the 
oxidizing agent; but as the oxide b diflicult to prepare free from chlorides, and traces 
of chloride interfere with the end point of the titration, it was abandoned by Reddrop 
and Ramagc,* who proposed the use of sodium bismuthate, NaBiO*. The product 
sold under this name ts of more or less indefinite composition. 

The determination is based on the fact that a manganous salt In the presence of 
nitric acid is oxidized to permanganic acid by sodium bismuthate. 

2Mn^ + SHaBlO, + UH* — 2MnO«' •}- + 5Na+ + 7H,0 

The permanganic acid formed b very stable in a cold solution containing 29-40 
per cent of nitric acid. In hot solutions the excess of bismuthate is rapidly dccom- 
po‘»cd and then the permanganic acid breaks down; ns soon as a small amount of 
manganous salt is formed it reacts with the permanganic acid and manganese dioxide 
precipitates. 

In the cold, however, the cxcca of the bismuth salt can be filtered off, an excess 
of ferrous sulfate added to the clear fiUratc, and the excess determined by titrating 
n ith pennanganate. Tlic end point b sharp, and the method is extremely accurate 
except in the province of cobalt.* 

Tlie following conditions are recommended by Blum. To the cold manganous 
solution containing 29-10 per cent nitric acid (free from nitrous acid) in a volume 
of .^O-IfiO ml, add a slight cxeexs of bismuthate (usually 0.&-1.0 p), agitate thor- 
oughly for nlmut H minute, wa.sh down the sides of the fl.vik with 3 per cent nitric 
ncid,* filter through a.dxH<tos, wash with 100 m! of 3pcr cent nitric acid, add a slight 
exer^ of ferrous sulfate solution (p. 57C), and titrate at once with permanganate. 

« A A. Blair, J. Am. Chem. Soc., 2C, 793. W, Blum, Reprint No. ISO from SuU. 
Jiur. .SfundcrJi, 8 (1012). 

* /hnjfcr# rol’jUch. J , 2C9, 221. 

* Tnini CKrm Soe., 1695. 2GS. 

*G r. K l/undcll, J. .!ei TAcn. .Siv., 45, 2G(X) (1923). 

» One milliliter of nitric flcid. d 1 42. enntuns nearly 1 c of ITNO.. The 
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Procedure. Dissolve 1 g of sample in 50 ml of 4 iV nitric acid and 
boil the solution to expel oxides of nitrogen. Remove from the heat, 
add about 0.5 g of sodium biamuthate, and boil 2 to 3 minutes. If more 
than 0.1 per cent manganese is present, a precipitate of manganese 
dioxide usually appears or, if the mangan^e content is low, a pink color 
is produced. If neither a pink color nor a precipitate is produced, add 
more bismuthate and heat again. Clear the solution by adding a few 
drops of sulfurous acid, boil 2 to 3 minutes, and cool to 15®. Add 0.5 
to 1 g more of bismuthate (enough to leave a small excess undissolved) to 
the cold solution, a^tate, and allow to stand for 1 minute. Then add 50 
ml of 3 per cent nitric acid (3 ml of concentrated ELNOa + 97 ml of 
water), and filter through asbestos. A suitable filter can be made by 
tamping down some glass wool in a funnel and pouring some asbestos 
fibers suspended in water upon it. If a Gooch crucible is used for filter- 
ing, take care that none of the filtrate comes in contact with the rubber 
that holds the crucible in the filter bottle. A glass filtering crucible can 
be used. Wash the excess bismuthate with 3 per cent nitric acid until 
the last runnings are colorless (50 to 100 ml of acid should be used). Add 
a measured volume of standard ferroias sulfate solution (see p. 676; 
usually a 25-ral pipetful is sufficient), and titrate the excess with per- 
manganate.' 

The ratio of permanganate to ferrous sulfate solution must be deter- 
mined daily. Though not strictly necessary, the determination of this 
ratio by means of a blank affords a convenient means of testing the 
efficacy of the filter. 

The manganese content of the steel can be computed as follows: 


Let s = weight of the sample. 

A — volume of KMnO* which is equivalent to the FeS 04 used, 
n = volume of KMnO* used to titrate the excess FeSO*. 

N ~ the normality of the KMnO* solution. 


(A - n)N X 0.01099 X 100 
8 


= per cent Mn 


It was originally assumed that the bismuthate method was not well suited for 
determining large quantities of manganese, but Cunningham and Coltman* have 
shown how the method can be apphed to material rich in manganese. 

A modification of the bismuthate method which is useful for rapid work depends 
upon reducing the permanganate formed with a sodium arscnite solution. (See 
Persulfate Method, which follows.) 

* H. F. V. Little, Analyst, 37, 554 (1912), found that it was advisable to filter into 
a known volume of standardized ferrous solution when the manganese content was 
high. 

* Ind. Eng. Chem., 16, 68-63 (1924). Cf. little, he. cU. 
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Interfering Substances. Cobalt, cerium, and nitrous, hydrochloric, and hydro- 
fluonc acids, large quantities of phosphoric acid, and, to a lesser degree, chromium 
and vanadium interfere with the bismuthate method. The carbonaceous residue 
obtained when cast iron is treated with nitric acid also interferes and must be filtered 
off. Interference of cobalt cannot be overcome as cobalt is oxidized to the cobaltic 
state and is subsequently reduced by the added ferrous sulfate. "WTieh cobalt is 
■ ’ Cerium is seldom present, 

permanganate, formed by 
te, which does not reduce 

quadrivalent ceric ions. The error caused by chromium is not serious unless more 
than 1 per cent is present. Interference by large quantities of chromium can be 

0 ’ ' ‘v- -T- — : — the following two ways: (a) Digest 

1 . , Dilute the resulting solution to 100 

n • while stirring, sufficient 8 per cent 

NallCOj solution to give a permanent precipitate and 4 ml more. Boil 1 minute, 
filter off the Cr(OH)j, and some Fe(OH), formed by atmospheric oxidation, and wash 
5 times with hot water. Pay no attention to a cloudy filtrate caused by the gradual 
oxidation of more of the ferrous iron. Use the filtrate for the manganese deter- 
mination, (6) Heat gently 1 g of sample In a 500-ral flask T\-ith a mixture of 1 part 2.6 
N HCl and 4 parts of 72 per cent HCIO<, When the sample has dissolved, heat on the 
hob plate with gradually increasing temperature and finally fume 5 to 10 minutes until 
all the chromium is oxidized to CrO>. Then, to volatilize the chromium as CrOsCli, 
add 1 to 4 g of NaCl in small portions until there are no more brown fumes of chromyl 
chloride. After the last addition of NaCI, boil the solution for 1 minute to remove 
IICI, add HNOt, HsSO*, and HiPO^, and determine the manganese by the persulfate 
method. 

Persulfate Method* 

In a hot solution of a manganous salt containing silver nitrate as catalyzer, anamo- 
niuro persulfate causes the formation of permanganic acid. 

2Mn++ + 5S,0,“* + (Ag^) + 8H,0 -»2MnOr + lOSOr" + (Ag+) -f 16H+ 

Without the silver salt, manganous acid, HjMnO*, is precipitated. In the routine 
analysis of steel it is customaiy to discharge the permanganate color by adding 
standard sodium arsenite. Under the conditions that usually prevail, the arsenic 
is completely oxidized to the quinquevalent condition; the manganese of the per- 
manganate is not reduced to colorless manganous salt but to a solution which con- 
tains manganese partly trivalent and partly quinquevalent. The solution has green- 
ish yellow tint at the end point when more than a few milligrams of manganese are 
present. The arsenite solution, therefore, must be standardized in exactly the same 
V, ay it is used in the analysis against permanganate solution or by means of a Bureau 
of Standards steel If, however, the titration is made with the following sodium 
nrsenite and nitrite solution, the HMnOi is reduced completely to the bivalent 
st.'itc.* Dissolve 1.3 g of jiure AsiOi in 25 ml of 4 W KaOH, dilute to 200 ml, make 

^Walters, Proe. Eng. Soe. WesUm Pa., 17, 257 (1001); Chan. Nevs, 84, 230. 
n. P. Smith, Chan. News, SO, 237 (I9(M). Rubricus, Chem. Ztg. He-pert., 1906, 
217. F. Kunzo, Chem. Ztg., 29, 1017 (1903). H. Marshall, Z. anal. Chem 43 
418, G55 (lOai). 

* SandcU, Kolthoff, and Lingane, Ind Eng. Chan., Anal. Ed., 7, 256 (1935). 
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acid with dilute HiiSO<, and then make neutral to litmus by adding NaHCOi. Add 
0.85 g of NaNOa and dilute to 1 1, 


Dissolving Solution. Mix together 5 ml of 0.1 N AgNOj, 40 ml of 
water, 2 ml of concentrated HjSO^, and 15 ml of concentrated HNOj. 

Titrating Solution. Dissolve exactly 0.337 g of pure AsaOa and about 
1.1 g of NajCOs in about 60 ml of hot water. When the solids have dis* 
solved completely, transfer to a liter measuring flask and make up to 
exactly 1 I. One milliliter = 0.1 mg Mn. Test the strength of the 
solution by talcing a measured volume of 0.1 N KMnO* (2.00 ml is 
suitable), reducing it with a little HjSOa, and then proceeding exactly 
as in the analysis of steel, using the same quantities of reagents. 


Procedure. Weigh out portions of exactly 0.100 g (within 1 mg) 
into 250-ml Erlenmeyer flasks, and heat each portion with 15 mi of the 
dissolving solution until all the steel has dissolved and the red nitrous 
fumes have been expelled. Remove from the hot plate; add 100 ml of 
'hot water and 10 ml of 10 per cent (NH4)jSj08 solution. Heat to boib 


ing, and" maintain this temperature for 30 seconds. Remove from the 
hot plate and coSlHiodw running water to about 15®. (If necessary use 
ice-water.) Titrate the'‘'«iM solution until the permanganate color is 
discharged. Pay no attentioiS,te a return of the color on standing. 
(This can be prevented by adding^thc cold solution just enough dilute 
IfaCl to precipitate the Ag+ as AgClNL^a the absence of the Ag+', Mn++ 
is not oxidized in the cold.) ^ 

The persulfate, in the presence of silver oxidizes the manganous ions 

to permanganate, but this reactioa is eo eJow in ^hat there Is no serious error 

if the titration takes place fairly quickly. If the eolution is treated with just 
sufficient NaGl solution to precipitate the silver beW^ titration, the end point 

lasts much better; but if the solution is hot chloride is added, some 

permanganate will be reduced. The above very ra^ method has never been 
regarded as suitable for umpire an:Uysis, but studeata obtain excellent results 

agreeing within 0.03 per cent, or less, of the correct vaiq!®®' considerable man- 
ganese is present the solution is j'ellow or green at the en<r practiced 

eye can easily teU when all the permanganate color is gonS 

Modified Williams Method i 

1000 ml of AT KMnO« = ^ = 27.47 A 

The Williams method depends, in the first nlace uno precipitation of ^ the 
manganese as MnO, by boiling the la&nganous concentrate nilric acid 

and potassium chlorate. Ihe reaction ims also boen qualitative analysts. 

Mn(NOi)* + 2KCIO, + H,0 MaO. H,0 -f ^ 

The precipitate is dissolved in arid and a known quanti/^^ reduring agents and the 
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CTccss of the latter is measured by titration with standard potassium permanganate 
solution. A standard solution of acid ferrous sulfate or ferrous ammonium sulfate 
(p. 576) is commonly used as the reducing agent, and since such a solution oxidizes 
slowly on standing in the air it U necessary to determine its strength at least once 
every day that it is being used. 

Julian^ used ILOi as the reducing agent and did not bother to filter off the precipi- 
tate, but it is unquestionably better to do so because the presence of a little nitrous 
acid in the solution is likely to cause error in the final titration. 

Procedure. Take 2 to 3 g of steel (weighed to the nearest centigram) 
in a 500-ml Erlenmcycr flask and dissolve it in CO ml of 6 AT HNOj. 
Wiicn the steel has dissolved, evaporate the solution to sirupy consis- 
tency (about 10 ml) ; add 50 ml of concentrated nitric acid and 3 g of 
potassium chlorate crystals. Boil the solution on the hot plate for 15 
minutes. Then remove the flask from the hot plate, as otherwise the 
ClOi which is liberated on adding chlorate may explode; add 15 ml 
more of concentrated nitric acid and another 3 g of potassium chlorate. 
Boil for another 15 minutes. Cool quickly by placing the flask in cold 
water and rotating the contents. Prepare an asbestos filter by pressing 
down a little glass wool in a funnel and pouring on it a little asbestos 
Buspeasion such as is used for Gooch crucibles. Filter through the 
asbestos, and wash the MnOj precipitate \\ith three 10-ml portions of 
cold water. Transfer the asbestos pad and precipitate back to the 
original flask. As solvent, prepare a mixture of 000 ml water, 43 ml of 
3 per cent hydrogen pcro.xidc, 25 ml of phosphoric acid, d 1.70, and 25 
ml of concentrated sulfuric acid; keep the solution in a glass-stoppered 
bottle. Of this well-mixed solution take out 25-ml portions by means 
of a pipet. Usually one portion of tlic solution is sufficient to dissolve 
the MnOj precipitate and leave an excess of HjOi. At the same time, 
take two separate portions of the solution for direct titration with per- 
manganate. In every' ca.'ic, dilute with water to about 200 ml and titrate 
with standard potassium permanganate. In using the pipet make sure 
tliat it has been cleaned recently with cleaning solution so that it will 
<lrain well and that it ha.s l>cen rinsed out wth three small portions of 
the solution which is to be measured. Make sure that the pipet is filled 
from tlic bottom up to the mark on tho stem, and, after allowing the 
contents to dmin out, touch the tip of the pipet to the side of the beaker 
iu«l alx)vc tlic solution. "Wlicn in this way pipets arc more accurate 
than tho ordinary buret. 

The reactions tlxat take place w itb the hydrogen peroxide are these; 

11,0, + MnO, + 211* — Mn** + 2n,0 -f- 0, t 
611,0, + QMnO,' + CII* — 2Mn*^ -f- 811,0 + 50, T 

» J. An CAm. Soc., 16. 113 (IS93); cf. J. Anal. Chen., 2, 2(9 (ISSS). 
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If, in the analysis of s g of steel, 25 ml of HjOj was used which was equivalent, 
as found by direct titration, to A ml of KMnOi and the excess HjOj reacted with 
n ml of KMnOi which was JV-normal, then 


(A - n)iV X 0 02747 
s 


X 100 « per cent Mn 


S, Deiermmaiion of Uranium 
Method of Belohouhek,^ Zimmermann,^ Hillehrand? 
lOOO ml N KMnO. = ^ = HO.O g TJ 

This method is especially suited for testing the purity of a precipitate of UjOs 
obtained in the analysis of uranium minerals. It is based upon the fact that when 
UjOg is heated in a closed tube with dilute sulfuric acid at 160-176“ it is readily 
decomposed according to the equation 

UiOs 4- 4 HjS 04 = 2UOiSO« + U(SOi)i + 4HiO 

forming uranyl and uranous sulfates. The latter compound is oxidized to the former 
by means of potassium permanganate: 

2KMn04 + SUCSOOj -[- 2HiO = 2KHSO4 + 2MnS04 + HgSO, + eUOiSOg 

If it is desired to express the results in terms of the original UjOj, of which two-thirds 
is not oxidized by the permanganate, then 1 ml IV KMn 04 = = 0.4211 gU*Oj. 

Procedure. Place 1 g of UsOs in a tube closed at one end, add 10- 
16 ml of 5 iV sulfuric acid, and make the open end of the tube narrower 
by heating in a blast lamp and drawing it out somewhat. Remove 
the air in the tube by inserting a long capillary so that it reaches to the 
bottom of the tube containing the substance and conducting a current 
of carbon dioxide through it; finally seal the larger tube without re- 
moving the capillary. Heat the tube in a bomb furnace ” at 150- 
175® until everything has dissolved to a clear green liquid. After 
cooling, open the tube by making a scratch with a file and touching it 
with a hot glass rod. Pour the contents into a large porcelain dish, 
dilute with distilled water to 500-700 ml, and titrate with 0.1 N KMn 04 
solution until a permanent pink color is obtained. 

Remark. In quantitative analysis uranium b often precipitated as ammonium 
uranate by ammonium hydroxide (see p. 166), and the uranate dissolves in acids 
forming uranyl, UOs'*"'- salts It is pos^Ie to reduce the 6-valent uranium of the 
uranyl salt to 4-valent uranous salt, and uranium, like iron, titanium, and molyb* 


* J. prakt. Chem., 99, 231. 

* Ann. Chem. Pharm., 232, 285. 

* U. S. Geol. Survey Bull. 78. 
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denum, con be determined volumctrically by reducing in a Jones rcductor and titrat- 
ing with KMnOi, KtCrjO?, or CeCSOd* The reduction always goes a little too far 
but is never completed to the trivalent state and rarely proceeds to exactly the same 
point in duplicate determinations. However, by bubbling air through the solution, 
trivalent uranium is oxidized so that all the uraniunl U obtained id the quadrivalent 
state and can be titrated to the 6-valent condition. The bubbling with air also 
oxidizes trivalent titanium. Quadrivalent uranium is fairly stable in cool, dilute 
sulfuric acid. The volumetric determination of uranium is often used for determining 
the uranium in a precipitate of sodium-zinc-uranyl acetate, or similar compound, and 
thus serves for the indirect determination of sodium (p. 27S). 

Procedure, Prepare a solution containing not more than 0.10 g 
uranium in 100 ml of 2 A? HiS 04 . No other substance reducible by 
zinc should be present, especially nitric acid. Add enough permanga- 
nate to impart a distinct, permanent pink color, cool to 20-25®, and pass 
through a Jones reductor (p. 544) at the rate of 50 to 100 ml a minute. 
Prepare the rcductor for use and tost the blank as described on p. 644. 
Wash out tlic reductor, after the umnyl solution has passed through it, 
with dilute sulfuric acid and water as in determining iron or phosphorus. 
Place a long gloss tube in the solution and bubble air through it for 
5 minutes to o.\idizc any trivalent uranium or trivalent titanium to the 
quadrivalent state; the solution will a.ssume a clear green tint. Wash off 
the inside and outside of the tube and titrate with 0 1 N KMnO^ of which 

1 ml « 0.01190 g U. 

If the procedure is u-xed for determining sodium, dissolve the triple acetate precipi- 
tate (p. 278) in 50-75 ml of 2 A' sulfuric acid, poured slowly over the precipitate in 
small portions under gentle suction. Wash out the crucible and funnel with water 
and add sufTicicnt 0 A' aulfiiric acid to make the solution approximately 2 A^. 

If the titnalion is made n ith KtCrA)»or Cc(SO,),, proceed as above described up to 
and including the bubbling of air tliroiigli the reduced solution. Then add 40 ml of 

2 per cent leCJ, solution, 15 tnlof 85 percent ffJ'O,, and C-8 drops of dipljcnykaraine 
sulfon.atc indicator (p r»77). Titrate immwliatcJy with 0.1 A’ KjCrjO, or Ce(SOi),. 
Run a Ijl-ank on all tlic reagents c-iirj ing out the Jones rtxiuctor treatment, and, after 
bubbling air tlirough tbe acid solution, add the same quantity of FeCl,, HiPOi and 
iiidic.ator. 

Tlie titration reaction is: 

5U^+ + 2MnOr + 211,0 -• SUO,-^ + 2Mn++ + 4H+ 

4. Determination of Oxalic Acid 

1000 ml A' KMnO. - _ 03 03 r n.C.0..2n^) 

Tl.o prorrOiirr i, rxnrlly 11 , p ran,. M wra unil.r the .landardization of 

IX'imang^natc liy means of sodium oxalate (p. 5.1S). 
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5. Determination of Catcium 

Cl 

1000 ml N KMn 04 = ^ ® 

Precipitate the calcium as described on p. 244 in the form of its oxa- 
late, filter, and wash with hot water. Transfer the moist precipitate 
to a beaker by means of a stream of water from the wash bottle, and 
dissolve the precipitate remaining on the filter, allowing hot 2 N sul- 
furic acid to pass through it several tiroes. To the turbid solution in 
the beaker, add 20 ml of 18 N sulfuric acid, dilute with hot water to 
a volume of 800-400 ml, and titrate the oxalic acid with 0.1 N ICMnO* 
solution. 


6 . Defermmafion of PbOz in Minium [Red Lead, PbaOO 
Method of Lus^ 


1000 ml N KMnOi = «= H9.6 g PbOi = 312.8 g Pb,0| 

Principle. If lead peroxide (FbOt) is treated with oxalic acid or sodium oxalate 
in acid solution, the oxalate ion Is oxidized according to the following equation: 
PbO, + CjOr* + 4H+ -*Pb«- 4- 2CO* + 2H»0 


If the decomposition takes place with a measured amount of titrated oxalic acid 
solution and the excess of the latter is titrated by means of potassium permanganate 
solution, the difference shows the amount of oxalic acid necessary to effect the 
reduction of the lead perodde. 

Procedure. Weigh out about 0J25 g of minium (red lead) into a 
porcelain dish and heat with 20-30 ml of 2 iV nitric acid. The original 
oxide is thereby changed into soluble lead nitrate and brown, insoluble 
HiPbOs-. 

PbaO* -h 4HN03 = 2 Pb(N 03)2 + HiO + HjPbOs 


After the sample is dissolved, add 50 ml of 0.2 N oxalic acid, heat the 
solution to boiling, and titrate hot with 0.2 N ICMnO*. If f ml of 0.2 N 
KMnO* solution were used, then 50 — i ml of 0.2 iV H 2 C 2 O 4 were 
necessary for the reduction of the amount of PbOj contained in the 
minium (a g) taken for analysis. There is present, therefore, 


(50 - t) X 2.392 (50 - f) X 6.856 , ^ 

per cent Pb 02 or per cent PbaO* 


The Diehl-Topf iodimetric method, described on p. 606, has been 
adopted by the American Society for Testing Materials for the analysis 
of red lead. 


1 Z. cool. Chem., 19, 163. 
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7. Determination of MnOt in PyroJusite 
1000 ml N KnMO, - = 43.47 g MnO. 

(a) Method of Levol and Poggiale, Modified hy G. Lunge^ 

After drying at 120® to constant weight, place 1.087 g of the finely 
powdered pyrolusite in a 250-ml flask which is provided with a Contat 
valve (sec p. 540). Expel the air by conducting CO2 into the flask, 
and then add 76 ml of the ferrous sulfate solution, prepared as de- 
scribed below, close the flask, and heat its contents over a small flame 
until there is no longer any dark-colored r^idue. Cool quickly, dilute 
with 200 ml of water, and titrate the excess of ferrous sulfate with 0.5 N 
IChInOi solution. Immediately before the analysis, determine the 
titer of the ferrous sulfate solution by taking 25 ml of it, diluting to 
200 ml, and titrating nith permanganate. 

By the treatment of the pyrolusite with ferrous sulfate, the following 
reaction takes place: 

MnOi + 2F0++ -b 4H-*- Mn++ -f 2Fc+++ + 2H2O 


Prepare the ferrous sulfate solution as follows: Slowly pour 200 ml 
of concentrated sulfuric acid, with stirring, into 500 ml of water, and 
while the mixture is still hot add 100 g of powdered FeSOi'THsO crj’s- 
taU; on stirring, the salt should dissolve within a few minutes. Dilute 
the solution to 1 1. AVhen cold it is ready to use. 

If 25 ml of FCSO4 solution — a ml of iV-normal KMnO<, 75 ml of 
FcS 04 solution used in the analysis and the excess = 6 ml of IChIn04, 
then 


(3n - h)N X 0.01347 X 100 
1.0S7 


per cent MnOi 


If the IChlnOi is exactly 0.5 N, then 2(3a ~ 6) = per cent hInOj. 


(6) Method of Fresenius'WiU, Modified hy Mohr 
MnO, -b C,04" -b 4H+ -» Mn++ + 2CO, + 2H,0 

For each an.aly.sis, weigh out portion.^ of the finely ground ore, which 
has l>cen dried to constant weight nt 120®, into 300-ml Ericnmeyer 
fl.asks, using s.amplcs that do not vary more than 0.05 g from 0.45 g. 
Add to each portion of ore a carefully weighed portion of pure sodium 
ox.a!.ato, uring at least one and one-half times as much o.xalatc as pyro- 


•CAfffl. ffcAn. Untrrtuchun^smelhnJen. 
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lusite but not more than 0.8 g in any case. Add 50 ml of water and 50 
ml of 6 iV sulfuric acid and heat, without boiling hard, until no more 
pyrolusite remains undissolved. Keep the flasks covered with watch 
glasses, and do not allow the solutions to evaporate to less than 85 ml, 
adding hot water from time to time if necessary. When all the black ore 
has dissolved, dilute to 200 ml and titmte 'with 0.1 N permanganate, 
keeping the solution above 60®. 

If s is the weight of pyrolusite used, r the weight of sodium oxalate, 
and n the milliliters of N normal permanganate required for the excess 
oxalate, 


(o.067 XN ") 


N X 0,0435 X 100 


* per cent MnOz 


In this equation, 0.067 is the equivalent weight of sodium oxalate and 
0.0435 the equivalent weight of manganese dioxide. 


8. Deiermination of Formic Acid 
(a) Method of ZAcfeen* 

1000 ml N KMnO. ■> - 13.80 g HCOOH* 

In cold acid solutions permanganate reacts very slowly with formic acid, and 
in a hot solution the latter is lost by volatilization, so that the titration in open 
vessels is Impossible; in al/caline solutions, on the other bond, the oxidation takes 
place readily and quantitatively in the cold: 

2KMn04 + 3HCOiK = 2K*CO. + KHCO, + 2MnOt + H^O 

In t.Viia reaction the permanganate is reduced only to the quadrivalent condition 
so that it has only three-fifths of its oxidizing power as determined in the standard- 
ization. Hence the weight of formic acid equivalent to 1 ml of N permanganate 
, , , 3 HCOjH 

(normal against sodium oxalate) “ ^ X * 

Procedure. Neutralize the formic acid by an excess of sodium 
carbonate, and allow permanganate to run into the hot sodium formate 
solution until the clear liquid above the precipitate is colored pink 
(cf. p. 550). 

(b) Method of H. C. Jones? 

1000 inl JV KMnOi = = 23.01 g formic acid 

1 MonaUh., 14, 746, and 16, 219- 

* Ber., 10, 1076 (1877). 

» Am. Chem. J., 17, 539. 
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Add an excess of permanganate to the alkaline solution of the formate, 
heat 5-10 minutes on the water bath, make acid with 6 N sulfuric 
acid, add an excess of 0.1 N oxalic acid solution, and titrate the excess 
of oxalic acid with permanganate at 70®. 

If 7* = total volume of 0.1 N permanganate used and t the volume 
of 0.1 N oxalic acid then 

(T — 00.002301 = weight of formic acid 

(c) Method of Blackadder^ 

Proceed exactly as in (6) but after heating on the water bath, add 
2-3 g of potassium iodide, neutralize with 6 N hydrochloric acid, add 
15 ml in excess, and titrate the liberated iodine vith 0.1 N thiosulfate. 
If T is the volume of 0.1 N permanganate used and t the volume of 
0.1 N thiosulfate, tlie computation is the same as under (6). 

9. Analysis of Nitrous Acid (Lunge)^ 


1000 ml lainO* 


HNOt 

2 


47.018 

2 


23 51 K HNO, 


On account of the volatilitj' of nitrous acid, measure out the aqueous 
solution of the nitrite, or the solution of nitrous acid in concentrated 
sulfuric acid (nitrosc), from a buret into 400 ml of 0.75 sulfuric 
acid containing a known volume of permanganate solution, warmed to 
40®. Have tlie tip of tlic buret dipping below tljc surface of the acid 
permanganate soliition, and stir constantly. The nitrous acid is 
thereby oxidized to nitric acid: 

2I^rn04 + SIINOj + SHiSO, = K=SO. + 2MnS04 + SH-O + 5HNO, 

and the dccolorization of the solution shows the end point. Toward 
the end the nitrous acid must be added slowly, for the change from red 
to colorless requires some time. 


10. Analysis of Hydrogen Peroxide 

1000 ml N KMnO« •» » 17.01 r II,Oj 

PLoco 10 ml of commercial 3 per cent hydrogen pcro.xidc in a 100-mI 
mca-niring flask, dilute to the mark with water, and, after thoroughly 
mixing, tra nsfer 10 ml (*= 1 ml of the original solution) to a beaker, 


‘ Diwrl-ition, ZOrieli, 1011. 
• Dcr., 10, 1075 (1S77). 
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and dilute with water to a volume of 300-400 ml. After ad(hng 20- 
30 ml 7.5 N sulfuric acid, titrate the solution with 0.1 N KMnO* until 
a pennanent color pink is obtained. The following reaction takes 
place: 

+ SHaOs + 4 HsSOi = 2KHSO4 + 2MnS04 + 8H2O + 5O2 

frequently it happens that the first drop of the permanganate causes 
a permanent coloration of the solution. This shows that either not 
enough sulfuric acid is present, or else there is no more hydrogen per- 
oxide left in the solution. In this case add a little more sulfuric acid, 
when, if the coloration still remains, the preparation is surely spoiled, 
as can be shown by the titanic or chromic acid tests (cf. Vol. I). 

The amount of hydrogen peroxide is expressed either as percentage by 
weight or as percentage by volume. 

Example. Ten imUiliters of the above-mentioned dilute solution of hydrogen 
peroride (= 1 ml of the original solution) required 17.86 ml of 0.1 NKMn 04 solution, 
corresponding to 17.86 X 0.001701 = 0.03038 g HjOj. As the specific gravity of the 
original hydrogen peroxide solution can be assumed to be 1, it therefore contams 
3 04 per cent HsOj. 

When expressed iu " percentage by volume ” the result shows how many cubic 
centimeters of oxygen can be obtained from 100 ml of the solution. 

In this case 100 ml of the hydrogen peroxide solution contains 3.04 g of HiOi 
and, on being decomposed, 2 moles of HtO^ sets free 1 mole of O 2 . 

2H^2 = 2HtO + Oi 

or 22.39 1 of oxygen at 0*C and 760 mm pressure; consequently 3.04 g H*Oa will 
8 04 X 11200 

evolve X « — — 3402 ** oxygen measured under standard conditions 

of temperature and pressure. 

One hundred milliliters of the commerdal hydrogen peroxide, therefore, will evolve 
1000 ml of oxygen, i.e., 10 times its own volume. This is sometimes designated as 
10 volume hydrogen peroxide. 

Other methods for determining hydrogen peroxide will be pven later. (See 
Index.) 


11, Analysis of Barium Peroxide 

1000 ml N KMnO, = 5^ = 84,68 g BaO, 

Weigh 0.2 g of the substance into a 400-inI beaker, cover with SOO 
ml of cold water, and add with constant stirring, 20-30 ml of 2i\^ 
hydrochloric acid. When all the BaOa has dissolved, titrate the 
solution with 0.1 N ICMnO^. The addition of H 2 SO 4 is not advisable, 
as the precipitated BaS 04 is likely to enclose some BaOz which will 
then escape the titration. 
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Another method for the analy^ of Ba02 has been proposed by 
Kassner.^ 


12. Analysis of Potassium Percarbonate 

1000 ml N KMnO, = = 99.10 g KjCjOs 

Weigh 0.25 g of potassium percarbonate into 300 ml of cold, N sul- 
furic acid, in wMch it dissolves with vigorous evolution of carbon diox- 
ide and formation of an equivalent amount of hydrogen peroxide: 

KaCsOe + 2H2SO4 = 2KHSO4 + 2CO2 + H2O2 
Titrate the latter with 0.1 N potassium permanganate. 

13. Analysis of Persulfates (Persulfuric Acid, H2S2O8) 

RiSiOi I E HjSiOg 

1000 ml N KMnO* = 114.1 g (NHi)«SjOg 

^ ll352gK,S,Oi 

A solution of persulfuric acid does not reduce permanganate, nor, does it react 
with titanic acid; on the other hand it oxidizes ferrous salts immediately in the cold 
to ferric salts, and by means 0 ! this behavior it can be easily determined. The 
ammonium and potassium salts are now commercial products, and are analyzed 
as follows: Weigh 0.3 g of the salt into a flask fitted with a Bunsen valve (p. 340), 
replace the air by carbon dioxide, add 30 ml of a freshly titrated solution of ferrous 
sulfate and then 200 ml of hot water. Close the flask and rotate its contents. The 
salt dissolves without difTicuUy, and the ferrous sulfate is oxidized; 

HjS,0» + 2FeSO« « Fe,(SO,), + H,SO« 

After all the salt has dissolved, cool the contents of the flask by placing the fl as k 
in cold water, and titrate the excess of ferrous salt with 0.1 N KMnO*. 

The ferrous sulfate must be added to the persulfate, and then the hot water. 
If the hot water is added first, the persulfate is decomposed somewhat and the 
results obtained will be low. In this way it is found that; 

30 ml ferrous sulfate solution requires 7* ml 0.1 N KMnO« solution. 

30 ml ferrous sulfate + a g persulfate requires < ml 0.1 N KMnO, solution. 

Consequently o g of persulfate correspond to (T — <) ml 0.1 N KMnO,. 

In the case of the potassium salt, since 1000 ml N KMnO, « 135.2 g KiSjO,, 
and 1 ml 0.1 N KMnO, = 0-01352 g we have: (T — 1) X 0 01352 g K,SjO, 

1 352 (T — t) 

in a g of the commercial salt, or in percentage: per cent KjSjO,. 

With the ammonium salt the factor becomes 001 141 instead of 0 01352. 

The ferrous sulfate necessary for this determination is prepared as described on 
p. 579. 


‘ Arch. Pharm., 228, 432. 



564 


OXIDATION METHODS 


Persulfates may also be analyzed very satisfactorily by means of oxalic acid.^ 
Wben a sulfuric acid solution of a persulfate is treated with oxalic acid alone, there 
is no perceptible reaction. On adding a small amount of silver sulfate as catalyzer, 
however, a lively evolution of carbon dionde takes place, and at the water-bath 
temperature the reaction is soon completed. 

HiSiOg + HiCjOi « 2HjSO< + 200* 

The excess of the oxalic acid can be titrated with permanganate. 

Procedure. Place 0.5 g of the persulfate in a 400-ml Erlenmeyer 
flask; add 50 ml of 0.1 N oxalic acid solution and 0.2 g of silver sul- 
fate dissolved in 20 ml of 10 per cent sulfuric acid. Heat the mixture 
on the water bath until the evolution of carbon dioxide ceases; this 
requires not more than 15 or 20 minutes. Dilute the solution to about 
100 ml with water at about 40* and titrate with 0.1 N permanganate. 

14. Deierminaiion of Hydroxylamine {Raschigy 
' 1000 ml JV KMnO, - = 10,52 g NHsOH ■ 

Principle. Hydroxylamine is oridized in hot acid solution by means of feme 
salts to form nitrous oxide and an equivalent amount of ferrous salt: 

2NHsOH + 4Fe+++ 4Fe-H- + NiO -h 4H+ + H,0 

The quantity of ferrous salt is determined by titration with 0.1 N potasrium 
permanganate. 

Procedure. Place 0.1 g of the hydroxylamine salt in a 500-inl flask 
and dissolve in a little water. Add 30 ml of a cold, saturated solution 
of ferric-ammonium alum and 10 ml of 7.5 N sulfuric acid. Heat the 
contents of the flask to boiling and keep at this temperature for 5 min- 
utes. Then dilute the solution with distilled water to a volume of about 
300 ml and immediately titrate with permanganate solution. 

Remark. If only slightly more than the theoretical amount of the ferric salt is 
added, the oxidation of the hydroxylamine does not take place entirely in accordance 
with the above equation, but part of the substance is oxidized to nitric oxide: 

2NHjOH + 6Fe+++ -♦ 6Fe++ + 2NO -h 6H* 
and it is then imposdble to obtain exact results. 

15. Determination of Ferrocyanic Acid {De Haen)^ 

1000 ml N KMnOg « 1 mole K*Fe(CN). = 422.4 g KiFe(CN)s-3HiO 

Principle. By oxidation in acid solution, ferricyanic arid is formed from ferro- 
cyanic acid : 

5HgFe(CN)« + MnOr + 3H+ 6H,Fe(CN)8 + Ma++ + 4H*0 

iR. Kempf, Ber., 38, 3965 (1905). 

* Ann. Chem. Pharm., 241, 318. 

* im., 90, 160. 
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Good results are obtained only when the solution is dilute and contains considerable 
acid. If too much ferrocyanide is present, a precipitate of KjMn[Fe(CN)el is 
likely to form. In this case it is necessary to make sure that sufiicient acid is present 
and to dilute the solution. The end point is a change from greenish yellow to 
yellowish pink. 

Procedure. Dissolve 10 g of potassium salt in 1 I of water. Mix 
and transfer 50 ml to a white porcelain dish. Add 100-150 ml of water 
and 10-20 ml of 7.5 N sulfuric acid and titrate with 0.1 N permanganate. 

16. Deierminaiion of Ferricyanic Acid 
1000 ml AT KMnOi ■= 1 mole K,Fc(CN)« * 320.2 g K,Fe(CN), 

Principle. The potassium fenicyanide is reduced in alkaline solution to potas- 
sium ferrocyanide, winch is titrated with permanganate. 

Procedure. In a 300-mI measuring 6 ask dissolve 6.0 g of the ferri- 
cyanide in water, make the solution alkaline with potassium hydroxide, 
heat to boiling, and add an excess of a concentrated ferrous sulfate 
solution. At first brown ferric hydroxide is precipitated, later blacJc 
fcrrous-fcrric hydroxide is formed, and this shows the completion of the 
reaction. Cool, dilute the contents of the llask with water to the mark, 
filter through a dty filter (after mixing), reject the first runnings, and 
take 50 ml of the filtrate (— 1 g of the substance) for the titration with 
0.1 N MnOi solution. 


17. Determination of Chloric Acid 

ncio, 

6 


1000 ml N KMnO« <= 


i, ^ f 20 43 g KClOi 
' " 1 17.74 g NnCJO, 


Dissolve 5 g of pota.'i.'sium chlorate, or 4 g of tlio sodium salt, in 
water, and dilute the solution to 1 1. After thoroughly mixing, transfer 
10 ml to a flask fitted with a Bun'^jn valve (p. 540) and c.\pcl the air from 
tlic flask by a current of c.irbon dioxule. After this add 50 ml of a freshly 
standardized 0.1 solution of ferrous .sulfate in 2.5 N H 2 SO 4 and boil 
the solution 5 minutes. Tlie following reaction takes place: 

KCIO 3 + CFeSOi + SIIiSO. = KCI + SFcsCSOOs + SHsO 

After cooling, dilute the solution with cold distilled water to 200 ml, 
add 10 ml of manganous sulfate solution (cf. p. 5-1.5), and titrate the 
excess of the forroib> Milf.nto with potassium pcrm.anganatc. 

If .W mJ fcmuji sul/.nfe rcqulfxxl 7’ ml 0 1 A lOfnO* sol. 

nn»l 50 ml ** + 10 ml rhlornte hol. ** I ml 0.1 iV * * “ 

tlirn lOtnl of chlomto Mlution - 001 ag •" (7’ - t) ml 0.1 A’ KMn04 “ 

where a “ oricin.il wriRht of the Mmplc. 

204.7 X fT — 0 

The Buljslancc contains per cent of KClOi 
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18. Determination of Nitric Acid (JPelouze-Fresenius) 

'21.01 g HNOs 
28.34 g NaNO, 

33.70 gKNO, 

This method depends upon the fact that on heating a nitrate with an acid ferrous 
chloride solution the nitric acid is reduced to nitric oxide: 

2KNOj + OFeCla + 8HG1 - 2KCI + 2NO + 4HiO + OFeClj 

As a measure for the amount of nitrate reduced we have: 

(1) The excess of ferrous salt. (2) The ferric salt produced. (3) Hie nitric 
oxide formed. * 

The method of Schlosing-Grandeau described on p. 386 is based upon the measure- 
ment of the nitric oxide formed. C. D. Braun^ ^timates the amount of ferric salt 
formed, while Pelouze and Fr^enius determine the amount of ferrous salt not used 
up in the reduction of the nitric acid. 

Procedure. Place 1.5 g of pure iron wire in a long-necked flask, 
and expel the air by passing a current of pure carbon dioxide through 
it for 2-3 minutes. Then add 30-40 ml of concentrated hydrochloric 
acid, place the flask in an inclined position, and close by means of a 
rubber stopper through which tubes pa^ so that a current of carbon 
dioxide can be introduced. Heat the solution on the water bath in 
this atmosphere of carbon dioxide until the iron has completely dis- 
solved, and allow the solution to cool in a current of the gas. Mean- 
while weigh 0.25-0.3 g of the nitrate into a small glass tube closed at 
one end. Drop this into the acid solution of the ferrous sulfate and 
quickly close the flask again. Heat as before for 15 minutes, while 
continuing the stream of carbon dioxide. Have the exit tube through 
from the flask dipping into a beaker filled with water so that there is 
no chance of any air getting back into the flask. Finally heat the 
solution to boiling and keep hot there until the dark color disappears 
and the yellow color of the ferric chloride becomes apparent. To make 
sure that the nitric oxide is entirely removed boil 5 minutes longer and 
then allow to cool in the atmosphere of carbon dioxide. When cold 
pour the solution into a beaker, rinse the flask with a little boiled water, 
and dilute to about 400 ml. Add 10 ml of manganese sulfate solution 
(p. 545), and titrate the unoxidized ferrous salt with 0.5 N KMnO< 
solution. 

Determine the purity of the iron wire by titrating 1 g of the wire after 
similar treatment wuth acid and manganese sulfate solution. 

If a g of potassium nitrate and p g of the wire were taken for the 
analysis, t ml of 0.5 ICMn 04 was required to oxidize the excess of iron. 


1000 ml N KMnO, = 5^ 


* J. prdkt. Ckem., 81, 421 (1860). 
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and p g of the wire requires T ml of 0.5 KMn 04 , then: 


(T-OX 1.685 
a 


per cent KNO 3 


Remark. This method gives results just as accurate as those obtained by the 
method of Devarda (p. 384) and is much easier to carry out. 


19, Deiermination of Vanadic Acid 
1000 ml of 0.1 N KMn04 = = 9.095 g VsOi 

Conduct sulfur dioxide into the boiling acid solution of an alkali 
vanadate until the solution is clear blue in color; by this means the 
vanadic acid is reduced to vanadyl salt: 

2H3VO4 + H2SO3 + H2SO4-* Vs 03 (S 04)2 + 6H2O 
SVaOa-^ + 2Mn0r + 22HaO 10H3V04 + 2Mn-H- + 14H+ 

Continue boiling and introduce a current of carbon dioxide through 
the solution until the escaping gas will no longer decolorize a solution 
of potassium permanganate, shouing that the excess of the sulfur dioxide 
has been expelled. Titrate the hot solution with potassium perman- 
ganate until a permanent pink color is obtained. The end point is 
easily recognized only when the solution is hot. This accurate deter- 
mination is used for the analysis of vanadium in iron and steel, or in 
ores. (Cf. pp. 242, 570.) 


20. Blair Method for Determining Phosphorus in SteeP 

p 

1000 ml of 0,1 N KMnO* « ^ * 9.0883 or 0.0861 g P 

Transfer the yellow precipitate obtained as described on p. 516 or 
p. 517 to a paper filter but, instead of the 1 per cent HNO3 and 1 per cent 
ICNOi solutions, use an acid ammonium sulfate solution (1 1 of water, 
25 ml concentrated H 2 SO 4 , and 15 ml strong ammonia; mix well before 
using). Wash the precipitate promptly %vith ten ^ml portions of 
this acid sulfate solution, wotting the upper edge of the filter paper each 
time and allowing each portion to drain through the filter paper before 
adding the next. 

Dissolve the ammonium phosphomolybdate precipitate in 25 ml of 
3 N ammonium hydro.xidc, wash the filter with hot water, and treat the 
filtrate with 10 ml of concentrated ^Uuric acid. It is now ready for 


* Andrew Blair, The Chemical ArtaJyiis of Iron end Steel. 
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Cliromuim, wlicn present m trivalent cliromic cations behaves like ferric iron 
toward many rcapruts. I’rartically all methods for dclcrmininR chromium in iron 
and rtccl are upon its oxidation to the |>orilivc valence of G as chromic acid, 
iichromntc, or chromate. Small qu.antities of chromium can be determined colori- 
mrtrically, but qu.antitics larger than a few* hundredths of 1 per cent are usually 
Jctcrmihwl by nddinc a mcxsurwl volume of rcducinR acent, usually acid ferrous euI- 
Fate Kjlution, and titratinR tlie exerts with potassium pennanRanate solution. A 
emt many difTcrent mctluxls have Uen proi>o<cd for carij-ing out the oxidation, 
l)ul treatment with ammonium pcrrulfatc in the presence of silver ions as catalj*st 
lias l>een found nif»st cotuenient. If vanadium is present, it can be determined in 
the Kitne solution after the chromium. 

Determination of Chromium and Vanadium in Alloy StecH 

In this promliire the manRane^c, chromium, and vanadium arc first obLained in 
the bivalent, trivnlent, and quadrivalent states respectively by dis.solvinR in acid. 
Ily the netion of i>rrsulf!ite in ibe presence of silver salt a-s catalyzer, the bivalent 
mxncanrso ii oxidircsl to the valence of 7, the trivalcnl chromium to the valence 
of 0, and the «jua<lrtvalent vanadium to the valence of .O. Ry the addition of a 
liimifsl quantity of chloride, the pcrmancanic acid is redijttsl to matiR.nnous Kdt 
and the cxce«s ijersulfatc is mnov(sl by IxMlinR. Ilie chromic arid Is then reduced 
to rhrmnic salt by a incis'msl quantity of ferrous solution, and the excess titrated 
xwth |»'rmanRanatc. Tlie chrumiurn content corresponds to the amount of ferroas 
salt reqijinsl. Ilie vanadium, to l»e sure, is mluecxj to vanadyl ralt by the ferrotw 
iron but is nsain otidiretl to van.a«lic acid by the pcrm.ancanate so tlmt it afTects 
the anal) "js only by makins tbe rn<i piiint ft slow one. 

After the titrati'iii, nil manfanr^ is present fts manRinous salt, nil chromium its 
rhrotnie sxlt. and nil v.anadium n« v.anadate. Another portion of ferrous salt serves 
to »TsIui-e (he a'anadiiifti to quadrivilmt vanadyl s-alt. Ilie exrc«s ferrous iron can 
!«• fixidireil by stirnne with ivrndfate solution without oxidizinR the vanadium, 
and the a-anaihl ^ah ran l«e titralcsl with prnnancanate. 

n.r itiij*>rtant chrmical reactions imoixrsi can cxprr«.*e<l by the foUowinR 
r(jua!Mn»* 

OtvI J.'iea prrrJfAU in />f ;"T/cncr e/ .tjj* ien** 

-* TSfV + SH.O -2!I,CK)4 + + 1211* 

2\t)** J S/V* + ^H,0— 2IIV(», + 2.<0,-' +nil* 

2Mn** -t ’ -t ><11,0 — 21IMn<»« + + HII* 

/*r — rf m,'*d;vr C'. \ rnf.,.'ti.-in r/ //.tfr.O*’ 
i (T ^ AtO 

rilMf.o, + MM* loci' -2.Mn** +Jvn,0 + ta, 

/.Vf.'f.-n /V'-O,- 

rr, 0 , * J. fj v j MM* — 2Cr’- 4 . TH/) 

H\(», - Ir** - :nr v<i‘' 4 IV* f ;ff/) 
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Tilration with KMnOt: 

6Fe++ + MnO*" + 8H+ -» 5Fe+++ + Mn++ + 4H»0 
5VO-^ + MnOr -f 6H»0 -+ 6HV0, + Mn++ + TH"*- 

Heduclion with FeSOi Ike second time: 

HVOs + Fe++ H- 3H+ -* VO++ + Fe+++ + 2HiO 

Removal of excess FeSOt the second Hme: 

2Fe++ + SjO."" -» 2Fe+++ + 2SOr' 

Final tilration: 

5VO++ + MnOr + 6H,0 -*• 6HVO, + Mn++ + 7H+ 

Procedure. Weigh out 2 g of sample, or less if more than 2 per cent 
of chromium is present, into a 600-ml beaker, and cover it with a mixture 
■of 45 ml water, 10 ml concentrated sulfuric acid, and 5 ml of phosphoric 
acid, d 1.7. Heat until there is no further action, add 5 ml of concen- 
trated nitric acid, and boil to decompose carbides and oxidize the iron. 
(If carbides resist this treatment, as shown by considerable dark-colored 
residue, or tungsten is present as shown by a yellow residue of WOi, 
evaporate until salts begin to separate out, dilute with 50 ml of water, 
add 10 ml of concentrated HNOa, and again evaporate.) Add 200 ml of 
water, filter, and wash the residue with water. To the filtrate add 10 
ml of 0.1 N silver nitrate, heat nearly to boiling, and add slowly while 
stirring 20 ml of freshly prepared 15 per cent ammonium persulfate 
solution. If a permanganate color does not develop from the manganese 
in the steel, heat again and add more silver nitrate and more persulfate. 
Then boil 8-10 minutes to decompose the excess persulfate, add 2 ml of 
6 N hydrochloric acid, and heat 5 minutes after the permanganate color, 
or any precipitated manganese dioride, has disappeared. Dilute to 400 
ml, add 25 ml of 0.1 N ferrous ammonium sulfate solution from a pipet 
(p. 576), and test a drop of the solution on a white porcelain spot plate 
■with a freshly prepared solution of potassium ferricyanide. If the blue 
test is not obtained, add another portion of ferrous salt. Titrate the 
excess with 0.1 N permanganate until the pink end point persists after 
stirring for 1 roinute. 

In this analysis a perceptible excess of permanganate is required be- 
cause of the dilution and the color of the chromic salt. To allow for this 
error, assume that the milliequivalent of chromium is 0.01744 instead of 
the theoretical value- The end point is a little difficult because of the 
slow rate of oxidation of the vanadium in cold, dilute solutions. 

Determination of Vanadium. After the chromium determination, 
add 5 ml of standard ferrous ammonium sulfate solution from a pipet. 
Stir and test a drop of the solution for ferrous iron with fresh ferricya- 
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nide solution, adding another pipetful of ferrous salt if necessary. Add 
8 ml of 15 per cent ammonium persulfate solution and stir 1 minute 
to oxidize the excess of ferrous salt. Then titrate with permanganate 
till the end point persists after 1 minute’s stirring. In this case, the 
vanadium is titrated directly and 1 ml of 0.1 AT permanganate oxidizes 

0.005095 g of vanadium. The error due to dilution and color of the 
chromic ions is positive. From the percentage of vanadium found, sub- 
tract 0.02 plus 0.018 times the percentage of chromium in the sample. 

22. Deiemination of Molybdenum in Wulfenite and Molybdenite^ 

1. Method of Dissoltnng Wulfenite 

Dissolve 1 g of the powdered ore by treatment with 15 ml of con- 
centrated nitric acid and 7 ml of concentrated sulfuric acid in a 
150-ml covered beaker at a temperature just short of boiling. '\Vhen 
practically complete decomposition has been effected, evaporate until 
fumes of sulfur trioxide are expelled freely. .Cool, add 40 ml of water, 
boil to dissolve the bulk of the molybdenum, cool to tap-water tempera- 
ture, and filter into a 150-ml beaker; the residue consists of lead sul- 
fate, silica, and possibly small amounts of undecomposed ore, and 
tungstic and molybdic acids. Save both the residue and the filtrate. 

Dissolve the lead sulfate in hot ammonium acetate solution (see p. 
59), washing until the ammonium acetate filtrate gives no test for 
lead with ammonium sulfide solution. Ignite the silicious residue 
in a platinum crucible and remove silica by treating it with sulfuric 
and hydrofluoric acids. Evaporate till all the excess acid is expelled. 
If an appreciable residue remains after this treatment, fuse it ndth 
potassium pyrosulfate and test for molybdenum by means of tartaric 
acid and ammonium sulfide as further described. The residue, however, 
seldom contains any molybdenum. 

2. Method of Dissolving Molybdenite 

Treat 0.5-5 g of the finely pulverized sample vith 10-35 ml of con- 
centrated nitric acid and 7-10 ml of concentrated sulfuric acid in a 
250-ml beaker, covered ^\^th a watch glass. Digest at a temperature 
somewhat below the boiling point until most of the molybdenite appears 
to have been decomposed, and then evaporate until strong fumes of 
sulfur trioxide arc evolved, the beaker and its contents have 

cooled, add 50 ml of water and boil briskly for a few minutes. Filter 

‘ Method (umished by the Burctiu of Standards and based upon the work of 
J. A. Ilolladay and A. Smoot. 
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into a 150-ml beaker. Wash the residue with hot water, then 6 or 8 
times with 4 N ammonium hydroxide, and finally with hot water, 
allowing the washings to run into the main filtrate. 

Treat the silicious residue (which will also contain nearly all lead and 
barium present in the ore) with ammonium acetate solution (cf. p. 59) 
and ignite the remainder at a very low red heat in a porcelain crucible, 
cool, transfer to a platinum crucible, treat with 2 or 3 drops of concen- 
trated sulfuric- acid and several milliliters of hydrofluoric acid, and 
evaporate until sulfuric acid has been completely expelled. Fuse the 
small residue remaining with sodium carbonate, extract with water, and 
add the water extract to the main solution. 

3. Method of Analysis 

To the solution containing all the molybdenum, add sufficient ferric 
sulfate to provide 10 times as much iron as there is arsenic present; 
from 0.3 to 0.4 g is usually ample. Nearly neutralize the acid with 
ammonia (do not add enough to impart a red tint to the solution), 
heat nearly to boiling, and pour slowly and \vith vigorous stirring into 
75 ml of nearly boiling 9 N ammonium hydroxide contained in a 250- 
ml beaker, '^en the precipitate has settled, filter and wash thoroughly 
with hot water. Dissolve the precipitate in a slight excess of hot 7.5 N 
sulfuric acid, heat to boiling, and pour again into 75 ml of boiling 9 N 
ammonium hydroxide. Collect the two filtrates, containing all the 
molybdenum, in a 500-ml beaker. It is essential that arsenic, which is 
usually present in these ores, be eliminated, and the method described 
furnishes a simple and effective way for accomplishing this. The 
addition of ferric sulfate should be omitted only if arsenic is known 
to be absent. 

To the combined ammoniacal filtrates, add 3 g of tartaric acid, and 
when the acid has ffissolved, saturate the warm solution with hydrogen 
sulfide. The presence of tartaric acid is necessary to prevent the sub- 
sequent precipitation of vanadium and tungsten sulfides. If these 
elements are known to be absent its use may be dispensed with. Under 
these conditions the molybdenum remains in solution as ammonium 
thiomolybdate, (NH^) 2^1084, which imparts a deep red color to the 
solution. If a small precipitate of insoluble sulfides separates out, 
filter and wash with hydrogen sulfide water. Make the thiomolyb- 
date solution slightly acid with sulfuric acid (cf. p. 114). 

Heat for a short time, allow the precipitate to settle, filter, and wash 
thorou^y with hydrogen sulfide water containing a little sulfuric 
and tartaric acids. 
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The filtrate from the. molybdenum sulfide sometimes contains ap- 
preciable amounts of molybdenum. 

Boil off the hydrogen sulfide, add an excess of bromine water to 
oxidize molybdenum, expel the excess by boiling, make ammoniacal 
as before, and treat wth hydrogen sulfide and acid as outlined on p. 114. 
If any more molybdenum sulfide is formed, recover it. 

Place the molybdenum sulfide precipitate and filter paper in a 250- 
ml flask and treat >vith 6 ml of concentrated sulfuric acid and 10 ml 
of concentrated nitric acid. Evaporate to fumes and repeat the nitric 
acid treatment, evaporating until the filter paper has been completely 
destroyed and everj' trace of yellow color due to carbonaceous matter 
has disappeared. When this has been ^complishcd, allow the solu- 
tion to fume strongly for a short while, cool, add 5 ml of water, and 
again evaporate to fumes to ensure the expulsion of every trace of nitric 
acid. Cool, add 75 ml of water, and boil for a few minutes, which should 
give a perfectly clear solution. Add 6 g of pure shot zinc (0.002 per 
cent iron or under), and boil the solution until most of the zinc has 
dissolved; this results in partial reduction of the molybdenum and 
complete precipitation of the traces of copper which are usually present. 
Filter on an asbestos or Alundum filter to remove the undissolvcd 
zinc and the copper. 

Reduce the molybdenum completely as described on p. 568 and ti- 
trate with 0.1 N permanganate; 1 ml 0.1 jV permanganate solution «* 
0.003198 g of molybdenum. 

23. Determination of Titanium^ 

1000 ml 0 1 KMnO* = O.I gram-atom Ti = 4.790 g H 

Principle, The reduction of titanium from the quadrivalent to trivalent con- 
dition proceeds rapidly and quantitatively in 1.1 to 1.8 N HjSOi solution by passage 
tlirough a Jones reductor. Organic compounds, nitric acid, tin, arsenic, antimony, 
molybdenum, iron, chromium, vanadium, tungsten, uranium, and columbium must 
be absent but, with the exception of the rare clement columbium, all these can be 
easily separated from titanium Nitric acid can be removed by repeated evapora- 
tion with sulfuric acid. Arsenic, antimony, and tin can be removed as sulfides from 
a solution sufTicicntly acid to prevent hydrolysis of the titanium. Iron can be 
precipitated as sulfide from an alkaline tartrate solution (see p. 1G8), and the organic 
matter then removed by treatment with nitric and sulfuric acidsj Chromium, 
vanadium, tungsten, and uranium can be removed by oxidation in alkaline solution 
with sodium peroxide and boiling to predpitate titanium hydroxide. 

Procedure. Carry out the reduction as described on p. 568 for 
molybdenum, taking the precaution to wash out the reductor with 

» G E. F. Lundell and IL B Knowles J. Am. Chem. Soc., 46, 2020 (1923). 
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dilute sulfuric acid before each run, which is carried out in the following 
order: 25 to 50 ml of 1.1-1.8JV sulfuric acid, 150 ml of the same strength 
acid containing 0,12 g of titanium or less, 100 ml more of acid, and finally 
100 ml of water. Catch the solution in 3 times the theoretical quantity 
of ferric sulfate dissolved in ZN sulfuric acid, and titrate the ferrous 
sulfate solution with permanganate. The reduction takes place at any 
temperature between 25° and 100°, and it is not necessary to expel air 
from the solutions used in the reductor. 

2Ti++++ + Zn 2Ti-H-t- -f Zn++ 

Ti+++ 4- Fe++ + Ti-*+H- 

Rapid Volumetric Determination of Titanium in Ores 

The following procedure has proved useful for the rapid evaluation of ores and 
titanium products. 

Weigh out about 0.5 of the finely powdered sample into a dry, heavy- 
walled, 8“in. test tube and mix it with about 7 g of powdered KzSjOr 
(made by fusing KHSO4 to a quiet melt from which SOs is begmning to 
escape, pouring out upon a tile, and powdering). Tap the sides of the 
tube to drive down adhering particles, and clamp the tube in a vertical 
position but fixed so that later it can be s\vung to a nearly horizontal 
portion. Heat the mass gently until the flux has melted and all water 
has been expelled. an orange coloration is seen at the sides of 

the tube near the surface of the melt, raise the temperature gradually 
to redness and continue fusing until there are no more bubbles rising 
from the bottom and all the solid particles of ore have disappeared. 
Then heat any portion of the tube where there is evidence of spattering. 
By changing the position of the clomp, raise the bottom of the tube and 
allow the melt to flow halfway up the sid^ of the tube; clamp the tube 
in this nearly horizontal position. In a few minutes the mass will 
solidify and the melt will usually crack so that it can be dislodged from 
the tube with the aid of a steel spatula. 

Add to the tube 30 ml of 18 N H2SO4 and heat until the melt has dis- 
solved to a clear solution, in which the titanium is present as Ti(S04)s. 
Disregard a slight turbidity which may be silica or a difficultly soluble 
sulfate. If any TiOs forms by hydrolyris, it can usually be distinguished 
by its relatively high index of refraction and appears as sharply contrasted 
white clots. These can usually be dissolved by adding 2 ml of concen- 
trated H2SO4 and boiling gently. Sometimes it is necessary to discard 
the sample. 

Dilute the solution to about 250 ml and pass through a Jones redactor 
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as described on p. 568, but use very little suction and have a piede of 
marble weighing about 5 g in the flask to provide an atmosphere of CO2, 
but with no ferric sulfate solution in the flask. First pass 50 ml of 3-5 
per cent H2SO4 through the cleaned and tested reductor containing 
amalgamated zinc (cf. p. 574), then the titanium solution, then 100 ml 
more of 3-5 per cent acid, and finally 100 ml of water. Remove from 
the reductor, add 5 ml of 20 per cent KCNS solution, and titrate with 
standard ferric alum solution until notic^ble red color of Fe(CNS)s is 
permanent for 90 seconds. Run a blank to determine how much of the 
ferric alum solution is necessary to give an end point with 500 ml of 3 
per cent H2SO4 and 5 ml of the indicator. To prepare the ferric alum 
solution, dissolve 50 g of Fe2(S04)3‘(NH<)2S04‘24H20 in 1 1 of 0.5 N 
H2SO4, and standardize by the above procedure against 0.2-g portions 
of pure TiOj. 

Ti+++ 4. Fe+++ Ti-H-H- 4- Fe++ 
Fe++4-3CNS‘-*Fe(CNS)s red end point 

B. POTASSIUM DICHROMATE METHODS 
1, Determination of Iron according to the Method of Penny 
Potassium dichromate is one of the well-known oxidizing agents used 
in volumetric analysis. It reacts, for example, with ferrous, stannous, or 
titanous salts and is reduced, thereby, to trivalent chromic salt. Equa- 
tions for the reduction of the dichromate ion and oxidation of ferrous 
ion, etc., have been given on p, 450. Expressed in terms of electrons, e, 
the equation for the reduction of dichromate can be written 
CrjOj" + 14H+ + 6e = 2 Cr^ -F 7H2O 
and that of the oxidation of ferrous ion 

— e = Pe+++ 

These equations represent what actually takes place when the reduc- 
tion of the dichromato is accomplished at the cathode and the oxidation 
of the iron is brought about at the anode of an electrol3^ic cell. There 
arc G.OG X 10” actual atoms of iron in a gram atom, and if we multiply 
the actual charge of the electron by 6.06 X 10” we obtain the value 
90,500 coulombs which is called a faraday. "UTien 6 faradaya of elec- 
tricity pass through an electrolytic cell containing an acid solution of 
dichromate at the cathode and a ferrous salt at the anode, 1 mole of 
dichromate can be reduced and 6 moles of ferrous iron can be oxidized. 
The above equations, therefore, show that the equivalent weight of 
dichromate is one-sixth of its molecular weight and that of ferrous ion is 
one atomic weight. 
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/ Preparation and Standardization of Dichromate Solution 

Prepare an approximately tenth-normal solution of potassium dichro- 
mate by dissolving not more than 5 g of the salt in -water and diluting 
the solution to the volume of about 1 1.* 

Prepare an approximately tenth-normal solution of ferrous ammonium 
sulfate by mixing 40 g of the crystals with 50 ml of QN sulfuric acid 
and diluting to about 1 1. The ferrous ions in this solution oxidize 
slowly from atmospheric oxj'gcn that di^olves in the solution. The 
acid is necessary, therefore, to keep the salt in solution since the original 
salt contains acid combined with bivalent ferrous ions and not enough 
for the trivalent iron formed by oxidation. The strength of this solu- 
tion will diminish slowly from day to day. The dichromate solution, 
on the other hand, is very stable. 

To deter min e the relative strengths of the two solutions, fill a glass- 
stoppered buret v.*ith the dichromatc solution, observing the usual pre- 
cautions with respect to cleaning and rinsing, and fill a plain buret nith 
the ferrous solution. Or, since the relative strengths of the two solutions 
change slightly from day to day and the determination may have to be 
repeated frequently, it is somewhat more convenient to use a 25-ml 
pipet for the ferrous solution, cleaning the pipet carefully (see p. 442) 
and rinsing it with three portions of the solution. 

Run out from the buret about 40 ml of the ferrous solution into a 
beaker or flask of about 300-ml capacity. Add 10 ml of 6 JV hydro- 
chloric acid and 100 ml of water. Mix and titrate with the potassium 
dichromate solution. 

Determination of the End Point. The end point of this titration can 
be determined in three ways: (1) by means of an external indicator, 
(2) by an internal indicator, and (3) by the potentiometer. 

(1) The end point of the titration of ferrous ions with dichromate can be deter- 
mined by taking a drop of the solution and testing it on a white porcelain “ spot 
plate " with a drop of potassium ferricyanide solution. This method is capable of 
giving excellent results after a Uttie practice. Objection can be raised that some 
of the solution is lost by taking out the drops of solution for the tests, and if the 
testing is started too soon, the loss may be appreciable. Since a drop of 0 05 ml xs 
only 1/4000 of a total volume of 200 ml, this error is not serious if the iron content 
is less than 0.1 g when the first test is made. Another difficulty lies in the fact that 
a negative test for Fc’"*’ in a single drop of solution does not prove positively that 
the entire solution contains less than 0,2 mg of Fe"^ unless the test serves to indicate 
0 00005 mg of Fe-V" in the drop taken. 

* The dichromate solution can be made eJBiclly tenth-normal by dissolving 4.003 g 
of pure KjCrjO, in water, malting up to exactly 1 1 in a volumetric flask, and mixing 
well by pouring the solution back and forth from the flask to a dry bea^r and back 
to the flask at least four times. 
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(2) Just as there are dyestuffs which change color at a definite pH value of an 
aqueous solution and serve as indicators in alkalimetry and acidimetry, so there are 
certain o^anic substances which change color as a result of oxidation or reduction 
Diphenylamine, (CsHjIjNH, diphcnylbenaidine 1C»H<*NH'C»H8 ]j, and diphenyl- 
amine sulfonic acid, (CeHi)NH(C(H« SOjH), are such substances. Each of these 
is oxidized less readUy than ferrous ions During the oxidation of Fe'*"*’ by CrjOi”", 
the Fe''^'''/Fe''"*’ oxidation potential risesas the concentration of Fe^'*’ becomes smaller 
and that of the Fe'*^ becomes larger, or, in other words, it becomes harder for the oxi- 
dation to take place. There is not quite enough difference between the oxidation- 
reduction potentials of the Fe''^/Fe'^ and that of the above-mentioned organic 
substances to insure that the oiddation of the Fe++ is complete before that of the 
amine starts, but this difficulty as well as the effect of yellow ferric chloride in the 
solution can be overcome by adding some phosphoric acid nhich removes Fe'^''' and 
FeClj from the solution, forming a colorless acid phosphate complex. On the other 
hand, it requires a measurable quantity of the dichromate solution to accomplish 
the oxidation of the organic compound. This causes a slight error in the opposite 
direction. 

(3) Since the oxidation-reduction potential shown by a platinum electrode 
measured against a standard calomel cell changes sharply as soon as 1 drop of 0.1 N 
dichromato solution in excess is added, the potentiometer is capable of indicating a 
sharp end point in the titration of a ferrous solution with dichromate. 

* Anyone of the above methods can be used for determining the end point. 
It is important to use the same method in standardizing the solution 
as in the analysis because a slight excess of reagent causes a low stand- 
ardization value and a high value in an analysis. A titration error, 
therefore, is compensated when the same error is made in the standard- 
ization and in the analysis. The compensation is exact when the same 
volume of reagent is used in the analysis as in the standardization. 

1. Prepare a fresh solution of about 10 mg of pure potassium fern- 
cyanide in 10 ml of distilled water. Do not attempt to use a solution 
that was prepared on another day. With a stirring rod, transfer small 
drops of this indicator solution to the cavities in a spot plate or to a 
paraffin covating on a white surface. WTicn about 30 ml of the dichro- 
mate solution has been added from a buret, take out a drop of the solution 
on the end of a stirring rod and odd it to a drop of the potassium ferri- 
cyanide solution. AVash the stirring tod before returning it to the 
solution. If the test shows a strong blue color, continue adding the 
dichromato in 1.0- to 0.25-mI portions until only a light blue test is 
obtained, and then test after each drop or two. 

If the indicator solution has stood for some time and a little ferrocyanide is present, 
a good end point not be obtiuDed. If the indicator solution is too strong or 
more than a small drop is used, the test will appear green instead of blue OTving to 
the yellow color of the reagent; and with a strong indicator solution a reddish appear- 
ance is sometimes obtained. It is best to add a scries of small drops of indicator 
solution to the test plate and add the drops of titrated solution in regular sequence, 
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from a dropper until the solution is colorless/ but avoid adding an 
excess. Dilute with 150 ml of water, cool under the water faucet, and 
add 10 ml of mercuric chloride solution. Allow to stand about 2 minutes 
and titrate with dichromate, determining the end point as described 
on p. 576. 

From the net volume of potassium dichromate solution, n ml, required 
to oxidize a solution of ferrous salt from p g of iron ^vire, compute the 
normality of the dichromate solution as follows: 


n X 0.05585 

3. Indirect Standardization against SodiumOzalate. Eitheroftheabovemethods 
of standardization will give results which are sufficiently accurate for practice 
with the potassium dichromate titrations. If, however, it is desired to get results 
which will be correct within less than 0.25 per cent of the total iron content (e.g , if it 
is desired in the analysis of an iron ore containing 60 per cent FcjO> to get results 
which are within less than 0.15 per cent of this value), neither method is satisfactory. 
If the bottle containing the ferrous ammonium sulfato is left standing exposed to the 
air, and this will happen when a sample is kept in a phial under a cork stopper 
because cork, unless paraffined, is not impervious to air, there will be a gradual efflo* 
rcscence of the crystals and as a result the iron content will become greater than the 
theoretical value of the pure salt. When iron wire is used as a standard, there may 
be some unobserved rust on the wire or there may be sufficient impurity in the 
metal to affect the results appreciably. 

The Bureau of Standards will furnish at a reasonable price a sample of sodium 
oxalate which, when handled as directed, may be regarded as better than 99.99 per 
cent pure. The reaction between sodium oxalate and potassium dichromate cannot 
be used to serve as a direct method of standardization. In cold, dilute acid solutions, 

1 There is usually a slight oxidation of the iron and formation of yellow ferric 
chloride, unless special pains ore taken to exclude air during the heating and cooling. 

4Fe++ + O, + 4H+ -» 4Fe+++ + 2H,0 Fe-^ + SCI" FeCli 
The stannous chloride reduces the ferric salt: 

2FeCI, + SnCI, « 2FeCI, + SnCU 

and the excess reducing agent reacts with mercuric chloride to form a precipitate of 
mercurous chloride: SnCl, + 2HgCl2 — » HgtCl* + SnCl«, provided that a con- 
siderable excess of mercuric chloride is added. If, however, too much stannous 
chloride is present, some metallic mercury is precipitated; 

SnCl, + HgCl, — SnCl* -1- Hg 

and the analysis is spoiled, because the precipitated mercury dissolves in acid when 
an oxidizing substance is present. The mercurous chloride precipitate should be 
white and silky in appearance; if it is dark colored, discard the solution. 

As reagents use a solution of 50 g SaCli2HsO in 100 ml of concentrated hydro- 
chloric acid, and a solution of 27 g mercuric chloride in a liter of water. 
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tke oxalate ion is not oxidized quantitatively by dichromatc. An indirect method, 
however, can be used. 

Procedure. Standardize a solution of potassium permanganate 
against pure sodium oxalate as directed on p. 538. With the aid of a 
pipet, transfer 25-ml portions of a ferrous sulfate solution (see p. 576) to 
each of four 400-ml beakers or 300-ml Erlenmeyer flasks. Titrate two 
of these portions against the potassium permanganate solution which 
has just been standardized and the other two portions against the 
potassium dichromate solution. Then if a ml of Wa-normal perman- 
ganate are used and b ml of the dichromate solution, the normal concen- 
tration, Nb, of the latter is (a/b)'Na = Nb. Each of the above titrations 
should agree within 2 parts in 1000 of its duplicate, and the final results 
should be within 0.2 per cent of the truth. 

Determination of in Limonite 

Weigh out accurately to four decimal places about 0.5 g of finely 
powdered ore into a small porcelain crucible. Using a small flame, roast 
the ore at dull redness for 5 minutes to destroy organic matter. Allow 
the crucible to cool, transfer tho limonite to a small beaker, and remove 
the stain in the crucible by heating with four 5-mI portions of 6 W hydro- 
chloric acid. Heat the limonite with tho acid until the residue no 
longer shows the limonite color. Add stannous chloride dropwise to 
the hot solution until the yellow color due to ferric chloride disappears 
and the solution is nearly colorless,’ but avoid an excess. If more than 
1 drop in excess is added, add a little potassium permanganate till a 
yellow color is obtained and repeat the reduction. Cool, dilute to 50 
ml, and quickly add 8 ml of saturated mercuric chloride solution. Wait 
3 minutes to make sure that the reaction is complete, transfer to a larger 
beaker, dilute to about 300 ml, and titrate with dichromate without 
further delay. 


Determination of Chromium in Chromite 
By fusion with sodium peroxide, the trivalent chromium is oxidized to chromate; 
2 FeCri 04 + 7Na,Oi -» 2NaFeOi + 4 NaiCt 04 + 2NaiO 

1 The addition of 3 ml of 0.5 per cent stannous chloride solution will hasten the 
dissolving of the limonite. It is important to avoid an excess of stannous chloride 
which will cause reduction of mercuric chloride to mercury and spoil the analysis. 
The roasting in the porcelain is unnecessary if the ore contains no organic matter! 
Sometimes a little NajCOj added to the ore before the roasting helps to make the 
sample dissolve more readily in acid. 
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When the melt is leached with water, the iron is precipitated as ferric hydroxide 
and the chromate dissolves: 

NaFeO, + 2H»0 -* NaOH + FeCOH), 

It is well to add a little more perojdde to make sure that the chromium is fully 
oxidized. Then the excess pero:dde is decomposed by boiling the alkaline solution, 
the precipitate is dissolved in sulfuric acid, a known volume of standard ferrous 
sulfate is added, and the excess ferrous salt is titrated with dichromate. 

Weigli out 0.3-0.5 g of ore into a 30-35 ml iron crucible and mix with 
about 4 g of sodium peroxide, using a dry stirring rod. Remove any 
adhering powder from the rod by stirring about 1 g of sodium peroxide 
with it. Cover the mixture in the crucible mth this last portion of 
peroxide. Place the lid on the crucible, gradually heat the contents 
to the melting point, and maintain the fusion temperature for 5-6 
minutes. Allow the melt to cool, place the crucible in a 300-nil beaker, 
and add 150 ml of cold water, keeping the beaker covered to avoid loss 
by effervescence. 

When the fused mass has disintegrated, remove the crucible and wash 
it thoroughly. Add 0:5 g more of peroxide and gradually heat the 
liquid to boUing. Boil very gently for 15 minutes to make sure that 
all peroxide is decomposed. Allow the solution to cool somewhat, make 
distinctly acid to litmus, and add 10 ml of 6 A sulfuric acid in excess. 
Dilute to 200 ml and add, from a clean pipet, which has been rinsed 
three times with a little of the solution, 25 ml of standard (approximately 
0.1 N) ferrous ammonium sulfate solution. Stir and test a drop of the 
solution on a white surface with fresh potassium ferricyanide solution. 
If no blue color is obtained, add another 25-ral portion of ferrous salt 
and continue adding it until an excess is pr^ent. Then titrate the excess 
with 0.1 N potassium dichromate solution. 

On the same day that the analysis is made, take 25 ml of the ferrous 
solution, dilute to 300 ml, add 10 ml of 6 iV sulfuric acid, and titrate 
mth potassium dichromate solution. Compute the percentage of 
chromium present as follows: 

Let a = milliliters of W-normal KjCrjOT required to neutralize one 
pipetful of ferrous solution. 

h *= number of pipetfuls of ferrous solution used (p. 576). 
n = milliliters of K 2 Cr 207 used in the final titration. 
s = weight of sample. 

e = milliequivalent weight (0.01734 g Cr; 0.02534 g Cr208; 
0.03731 g FeCr304). 

(a>b — X e X 100 _ 
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The analysis can be made mth diphenylamine sulfonic acid as indicator. 
In this case it is necessary to add phosphoric acid, and proceed as 
described on p. 578 after adding enough ferrous salt to give a clear blue 
color to the solution. 

C. lODlMETRY 

The fundamental reaction of iodimetry is the following: 

2Na2S203 + I4 = 2 NaI + NajSiOs 

or 2S20a +I2 — >21 + 

If to a solution containing a little iodine some starch solution is 
added, and sodium thiosulfate solution is run in from a buret, the blue 
color of the iodo-starch will disappear from the solution as soon as all the 
iodine has been reduced to iodide in accordance with the above equation. 
This is one of the most sensitive reactions used in analytical chemistry. 
If, therefore, a sodium thiosulfate solution of known strength is at hand, 
we have a means of determining not only iodine itself, but all those 
substances (oxidizing agents) which when treated with potassium iodide 
set iodine free, or when acted upon by hydrochloric acid evolve chlorine. 
Consequently, iodimetric processes arc not only accurate but also capable 
of most general application. 

Under iodimetry two kinds of methods arc studied; (a) direct methods, in which 
iodine solution is used as the reagent and the end point is the blue color imparted to 
starch as soon as 1 drop of the reagent in excess has been added; and (6) indirect 
methods, in which an acid solution of some oxidizing agent is treated with an excess 
of potassium iodide and iodine equivalent to the quantity of oxidizer present js 
liberated In the direct methods, iodine is used as an oxidizing agent; in the indirect 
methods hydriodic acid is u'^ed as a reducing agent. Iodimetric methods have, 
therefore, been applied to numerous reactions of oxidation and reduction. As a 
rule, these methods are sensitive and accurate. Direct iodimetric methods are the 
oxidation of sulfurous acid to sulfuric acid, of hydrogen sulfide to free sulfur, of 
stannous chloride to stannic chloride, of arsenitc to arsenate in a solution kept 
nearly neutral, and of trivalent antimony salt to the quinquevalent condition in a 
neutral solution. Indirect methods in W'hich iodine equivalent to the substance 
analyzed is liberated by adding an excess of potassium iodide to the acid solution are 
illustrated by the determinations of bromine, cidoTine, iodatc, periodate, hypo* 
bromite, bromatc, hjiiochlonto, chlorite, chlorate, persulfate, permanganate, hydro- 
gen peroxide, nitrite, arsenate in strongly acid solutions, ferricyanide, chromate, 
permanganate, m.^nganc'c dioxide, lead dioxide, minium or red lead, ferric ions, 
cupric ions, and antimonate ions. 

llic words iodimetric and iodometrie haxxj been used more or less indiscriminately 
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iodine will dissolve. In such solutions, the following reaction tahes place to a 
considerable extent: 

The reaction constant for this equOibrium has the high value of 770. The vapor 
pressure of the iodine from the aqueous solution is lowered by the formation of the 
triiodide anion, and yet the solution as a reagent behaves exactly like free iodine. 
To a considerable extent the potasaum iodide interferes with the dissolving out of 
the iodine by another solvent such as CCL but not enough to prevent the determina- 
tion of the end point as indicated above. 

The Starch Solution 

Triturate 0.5 g of soluble starch with a little cold water to a thin paste, 
rinse this into 25 ml of boiling water, and boil about 2 minutes. Cool, 
and add 1.0 g of KI. Use 0.5 ml for each 100 ml of solution. 

Sensitiveness of the lodo-Starch Reaction 

Iodine produces a blue color with starch only when hydriodic acid or a 
soluble iodide is present, and further, the formation of the blue color 
not only depends upon the presence of iodide but also is largely influenced 
by the concentration of the iodide solution. With the same amount of 
iodide and different volumes of liquid quite different amounts of iodine 
are necessary to produce the blue color. From this it is evident that in 
any iodimetric analysis about the same concentration should bo main- 
tained as in the standardization of the solutions used for the analysis. 
IVTien 0,1 solutions are used, the error produced by not following 
this rule is a small one and for most purposes can be neglected. On the 
other hand, w’hcn an analysis is made with O.Ol N solutions, a large 
error may be introduced and a blank should always be made to deter- 
mine how much iodine solution is required to give an end point. The 
results of a series of experiments show that the amount of iodine solution 
necessary to produce the blue color in the absence of potassium iodide 
is directly proportioned to the dilution. If the solution contains 1 g 
of potassium iodide, a blue color will be produced by the same amount 
of iodine solution as long as not more than 150 ml of solution is present, 
but w ith a greater volume than that, more iodine is necc.«sary irrespective 
of whether the solution contains 1 g or more of potassium iodide. 

Preparation of Sodium Thiosulfate Solution 

From tlie equation on p. 583 it is evident that an equivalent w’cight 
of iodine, the atomic weight in gram.s, is equal to 1 mole of KasSjOj. 
Hence, exactly 0.1 mole of ciystallized sodium thiosulfate (NazSjOa + 
511,0) is required to make 1 1 of tenth-normal solution. 
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A solution of pure sodium thiosulfate in doubly distilled water will 
keep very well, but thiosulfate solutions usually deposit sulfur on stand- 
ing and the titer changes until the decomposition brought about by 
impurities is complete. The principal cause of the decomposition is 
bacterial action. Sterile solutions, free from carbon dioxide, keep 
indefinitely. The addition ’of about 3.8 g of borax per liter helps to keep 
the solution sterile, but the solution should be filtered if turbid.. 

Prepare the thiosulfate solution by di^olving the required amount of 
the commercial salt in freshly boiled water containing a little borax. 
If convenient, it is well to let the solution stand a week or so before 
determining its exact concentration. 

The molecular weight of NasSsOa'SHjO is 248.19. To prepare 1 1 of 
0.1 N solution 24.82 g of the salt is necessary, or, in round numbers, 25 g. 

Standardhation of Sodium Thiosulfate Solution 

1. With Copper Wire 

In technical work it is customaiy to standardize the thiosulfate solu- 
tion against pure copper. Weigh out 0.2 g of pure copper wire into a 
200-ml Erlenmeyer flask and dissolve in 5 ml of 8 AT HNO 3 . Dilute with 
25 ml of water, boil a minute to remove oxides of nitrogen, and add 1 g of 
urea. Remove the flask from the flame and add strong ammonia until 
a white precipitate begins to form; if a permanent blue color is pro- 
duced, boil off the excess ammonia. Add 7 ml of glacial acetic acid or 
20 ml of 6 W acetic acid, which dissolves any precipitate or copper 
ojdde that has formed. Cool to room temperature, add 3 g of potassium 
iodide, and titrate the b^o^vn solution with sodium thiosulfate until 
nearly colorless, then add starch solution, and complete the titration. 
In making the titration for the first time, one is bothered somewhat 
by the fact that the cuprous iodide is usually colored a little by adsorbed 
iodo-starch and is not a pure white at the end point. If < ml of the 
thiosulfate solution were used in titrating a g of copper, then 1 ml of 
thiosulfate = a/t g Cu and the thiosulfate solution is a/(t X 0.06357) 
normal. The reactions that take place can be expressed as follows: 

3Cu + SH-*' -f- 2NO3" 3Cu++ -f 4 HbO + 2NO t 

HNO2 -f Brj + H2O HNOa + 2HBr 
Cu-H- + 4NH3 Cu(NH3)4++ 

Cu(NH3)4++ + 4 HC 2 H 3 O 2 CU++ -b 4 NH 4 + + 4C2H302' 

2Cu++ -b 41“ -» Cujiz -b h 
I2 -b 2S20 s~" -> 21" -b S^Oe"" 

Although 4 molecules of iodide react with 2 of copper, only 1 molecule 
of iodine is liberated. The equivalent weight of copper, therefore, 
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corresponds to the reduction of bivalent copper to univalent copper and 
is the atomic weight of copper. 

Note: The precipitate of cuprous iodide is usually colored pink at the end point 
because of adsorbed iodine, and this iodine slowly comes back into solution to give a 
fading end point. The addition of 2 g KCNS or NH 4 CNS (dissolved in 10 ml of 
water) a little before the end point is reached, when the starch indicator solution is 
to be added, will serve to displace the iodme adsorbed on the surface of the precipitate 
and give a better end point. A little nitrobenzene has the same effect. 


2. With Pure Iodine 

CoroTnercial iodine is contaminated vnth chlorine, bromine, water, 
and sometimes cyanogen; it must be purified. For this purpose grind 
5 or 6 g of the commercial product with 
2 g of potassium iodide; any chlorine or 
bromine present forms potassium chlo- 
ride or bromide, sotting free an eqiuvalent 
amount of iodine. Place the mixture in 
a dry casserole (Fig. 80)^ which rests in 
a muffle. Upon the Casserole place a 
flask filled with cold water. Have a 
wire gauze at the bottom of the muffle 
and a Bunsen flame beneath this. Tlie 
iodine sublimes rapidly and collects as a 
crj'stallinc crust on the bottom of the 
flask, and practically none of it is lost. 

As soon as the evolution of violet vapors 
from the bottom of the casserole has 
practically ceased, the sublimation is 
complete. Remove the flame and, after 
allowing to cool, take away the flask with the iodine adhering to it. 
To remove the iodine, pass a current of cold water through the 
tube a into the flask and out at h. Tliis causes the glass to contract 
.‘jomewliat and the whole of the iodine crust can be removed by lightly 
scraping with a clean glass rod. Catch it upon a watch glass, break it 
up into large pieces, and repeat the sublimation without the addition 
of potassium iodide at as low a temperature as possible; in this way 
a product free from pota.s.sium iodide is obtained. Grind the iodine 
somewhat in an agate mortar and drj' in a desiccator containing 
calcium cliloride. If dried over sulfuric acid, some of the acid is 

» C. 11. McCrosky, J. Am Chem. See., 40, 1601 (1018). 
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likely to be present in the iodine. Furthermore, the cover of the 
desiccator must not be greased, for grease is attacked by iodine vapors, 
forming hydriodic acid, which might cause contamination. 

Weighing out the Iodine. In each of 2 or 3 small weighing tubes with 
tightly fitting glass stoppers place 2-2.5 g of pure pota&sium iodide free 
from iodate and 0.5 ml of water (not more); stopper the tubes and 
weigh accurately. Then open the tubes and add 0.4-0.5 g of pure 
iodine to each. Qiuekly insert the stopper and again weigh; the differ- 
ence shows the amount of iodine. As the tubes are cooled by the 
dissolving of the iodine, moisture sometimes collects on the outeide and 
must be wiped off before weighing. The iodine dissolves almost 
instantly in the concentrated potassium iodide solution. Place one of 
the tubes in the neck of a 500-ml Erlenmeyer flask which is held in an 
inclined position and contains 200 ml of water and about 1 g of potassium 
iodide. Drop the tube to the bottom of the flask, but just as it begins to 
fall remove the stopper and allow it to follow. In this way no iodine is 
lost, Vt’hich is likely to happen if the contents of a tube arc washed into 
the water, A solution is tlius prepared containing a known amount of 
iodine. To it add the sodium thiosulfate solution to be standar<hzcd 
from a buret until the liquid is pale yellow. Then add 2 or 3 ml of starch 
solution and carefully titrate until colorless. From the mean of two or 
three determinations, the strength of the thiosulfate solution is cal- 
culated. 

If the weight of iodine equivalent to 1 ml of sodium thiosulfate solu- 
tion is divided by 0.1269 (the nuUicquivalent of iodine), the nomalUy 
of the solution will be obtained. 

3, With Potassium Permanganate (Volhard) 

On adding potassium permanganate to an acid solution containing 
potassium iodide, the following reaction takes place: 

2MnOr + 101‘ + 16H+ 2Mn++ -f- SHsO + 5h 

The reaction is quantitative if the eorrect conditions are maintained. 

Measure out 25-40 ml of standardized tenth-normal permanganate 
solution from a pipet or buret into a 300-mI Erlenmeyer flask containing 
3 g of potassium iodide, 50 ml of water, and 5 ml of concentrated hydro- 
chloric acid. Let stand in the daric for 3 minutes, dilute to 200 ml, and 
titrate slowly with the thiosulfate solution, adding 2 ml of starch indica- 
tor solution toward the last. 

4. With Potassium Dichrmnaie 

The reaction between potassium dichromate and potassium iodide 
can also be used for the standardization of sodium thiosulfate solutions; 
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the dichromate is reduced to green chromic salt and an equivalent weight 
of iodine being set free provided that the solution is 0.2-0.4 N in acid. 

CraOj"' + 61” + 2Ct^ + Sla + THaO 

Prepare tenth-normal potassium dichromate solution by dissolving 
4.903 g of the pure, dry salt in water and diluting to 1 1 at 20® in a 
measuring flask. iViLx well by pouring back and forth from the flask to 
a beaker at least 4 times. Measure out 20-40 ml of the dichromate 
solution, with a pipet or buret, into a 500-ml beaker containing 50 ml 
of water, 10 ml of concentrated hydrochloric acid, and 3 g of potassium 
iodide. Allow the reaction to proceed in the dark for 5 minutes, 
then dilute to 400 ml and titrate with tenth-normal thiosulfate solution, 
adding starch toward the last. 

5. With Potassium Biiodale (C. ThanY 
If a solution of potassium biiodate is added to a solution of potassium 
iodide containing hydrochloric acid, the following reaction takes place : 
KIOa-HIOs + lOKI + llHCl = IlKCl + OHjO + 6I2 

3$9 95 1533 

If, therefore, 3.250 g of pure potassium biiodate is contained in 
1 1 of the aqueous solution, 10 ml of such a solution on being treated 
with an excess of potassium iodide and hydrochloric acid wdll set free 
exactly as much iodine as would be contained in 10 ml of 0.1 N iodine 
solution. By means of such a solution a kno^vn amount of iodine may 
be obtained at any time and in this way the solution of sodium thio- 
sulfate may be standardized. At present it is possible to obtain com- 
mercially very pure potassium biiodate, but it is best to prepare a 
solution by weighing out 3.250 g per liter and determine the concentra- 
tion accurately by titrating it against a solution of thiosulfate which 
has been freshly standardized against pure iodine. In this w’ay a solu- 
tion is obtained which can bo conveniently used from time to time for 
testing the concentration of the thiosulfate solution. 

Method of Titrating, Place 1-2 g of pure potassium iodide in a 
beaker, dissolve in as little water as possible, and to this add 5 ml of 
GK hydrochloric acid, and then 20-25 ml of the biiodate solution 
(never in the reverse order). Iodine is liberated, immediately and 
quantitatively. Dilute with 200 ml of distilled water, and titrate the 
iodine a.s under 1. 

Remark. Instead of n solution of potassium biiodate, solid potassium iodate or 
pola.ssium bromate c.an be used. One mole of each of these last two salts liberates 
3 moles of Ii when treated with potassium iodide and dilute acid. 


‘2. anal. Chem., 16, 477 (1877). 
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Preparation of Tenth-Normal Iodine Solution 

No advantage is obtained by dissolving the desired quantity of 
sublimed iodine in a definite volume of solution, for the latter cannot 
be kept very long unchanged. . It is more practical to prepare the iodine 
solution by placing 20-25 g of pure potassium iodide in a liter bottle, 
dissolving it in as little water as possible, and then adding about 12.7 g 
of commercial iodine, weighed out roughly on a watch glass. Shake 
the contents of the flask until all the iodine is dissolved. When this is 
accomplished, dilute the solution to about 1 1 and standardize according 
to one of the following methods. The solution should be used in a glass- 
stoppered buret. 


Standardization of Iodine Solution 
1. With 0.1 N Sodium Thiosulfate Solution 

Take 25 ml of the well-mixed iodine solution in a 250-ml Eriemneyer 
flask, dilute to 100 ml and introduce 0.1 N NajSjOs solution \mtil nearly 
all the iodine has reacted as shown by the color. Add 1 ml of starch 
paste and titrate slowly until colorless. 

Remarks. To titrate a solution of iodine obtained from a solution of iodide^iodate 
mixture, titrate in the same way but in the presence of 20 millimoles of free hydro- 
chloric acid. 


2. With Arsenious Acid 

If iodine is allowed to act upon a neutral solution of arsenious acid 
the reaction which takes place may be expressed as follows: 

HaAsOr + 12 + 2HCO3" = H-AsOr -f 2I~ -I- HiO + 2 CO 2 

It is necessary to keep the solution neutral or the opposite reaction will 
take place: 

HjAsOr + 21" + 6H+ = As+++ -Ma -f 4H2O 

In a neutral solution arsenite can be oxidized quantitatively by means 
of free iodine, but in strongly acid solution arsenic acid can be reduced 
quantitatively to the trivalent condition by means of iodide (cf. p. 584). 
To accomplish a complete oxidation of the arsenic by iodine, the solu- 
tion must be kept approximately neutral to phenolphthalein. This is 
usually accomplished by providing an excess of sodium bicarbonate, by 
adding normal sodium carbonate to the cold acid solution, or by adding 
some disodium phosphate. Caustic alkali cannot be used because it 
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reacts ^vith iodine to form hypoioditeandiodide. A little neutral sodium 
carbonate does no harm if added to an acid solution because the liberated 
carbon dioxide neutralizes the hydroj^l ion formed by hydrolysis of the 
carbonate. 

From the above equation, and the fact that the valence change of 
arsenic is 2, it follows that the equivalent weight of arsenic is one-half 
the atomic weight. Ordinarily, the arsenite solution is prepared by 
weighing out pure AS2O3. As the molecule contains 2 atoms of arsenic, 
it is evident that one-fourth the molecular weight in grams is the equiva- 
lent weight of AsaOa. 

To prepare 0.1 arsenious acid solution, dissolve 4.946 g of the pure 
sublimed oxide and 15 g of sodium carbonate by warming with 150 
ml of water. Transfer the solution to a liter measuring flask, add 25 ml 
of normal acid, and dilute at 20® to the mark. 

To prepare pure arsenious oxide from the commercial product, sublime 
by heating in a porcelain dish and collect the sublimate on a watch glass. 
If a yellow sublimate of sulfide is noticed, dissolve the sample in hot 
4 N hydrochloric acid, filter off the undissolved sulfide, and cool the 
filtrate to cause crystals to deposit. Filter, wash with water, and then 
sublime. Dry over calcium chloride in a desiccator. 

Titrate the arsenite against the iodine solution in the usual way. 
Deiss,* however, finds that iodine gradually changes to iodate on stand- 
ing and the iodate does not react with arsenic in the presence of sodium 
bicarbonate. He proceeds as follows: 

Add 25 ml of the iodine solution to 200 ml of water. Add 2 ml of 
6 N hydrochloric acid and then 2 g of sodium bicarbonate. As soon as 
it has dissolved titrate with sodium arsenite. 

A solution of sodium arsenite gradually oxidizes on long standing.* 

3. With Anhydrous Sodium Thiosulfate 

Anhydrous sodium thiosulfate may be prepared in a state of sufficient 
purity to permit its use for standardizing iodine solutions. Prepare 
a saturated filtered solution of the commercial salt at 30® to 35® and 
then cool while stirring constantly. Collect the salt that deposits; 
dr>’ over sulfuric acid until it falls to a powder and a little of it in a 
test tube shows no sign of fusion when heated to 60®. Effect the final 
dehydration by heating at 80® with repeated stirring of the powder. 

^Chem. Ztg., 38, 413. 

*S. W. Yoimc, J. Am. Chem. Soc., 28, 1025 (1901). 

*F.A GoochnndF.il. Heath, Am. J.5d, [41 24, 6S(1907);F.n Heath Aid 
141, 26, 513 {I90S). ' ’ 
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Young standardized a solution of iodine by this method and obtained 
the same value as by titrating against a thiosulfate solution which had 
been standardized against pure iodine. 

Analyses by lodimeiric Methods 

1. Determination of Free Iodine 
1000 tol of 0.1 N thiosulfate Bolution » 12.69 g I 

Dissolve the iodine in a solution of potassium iodide and titrate either 
with sodium thiosulfate or with arsenious acid exactly as described 
under the standardization of an iodine solution. 

2. Determination of Chlorine in Chlorine Water 
1000 ml of 0-1 N thiosulfate K>lution “ 3.546 g Cl 

Add a measured amount of chlorine water to a solution containing 
an excess of potassium iodide. Hold the point of the pipet just above 
the surface of the iodide solution contmned in a glass-stoppered bottle. 
After the chlorine water has been added, stopper the bottle, vigorously 
shake the contents, and titrate the liberated iodine with sodium thio- 
sulfate as above: 

2ia + cij == 2KC1 + u 

3. Determination of Bromine in Bromine Water 
1000 ml of 0.1 fi thiosulfate solution *= 7,992 g Br 

The procedure is the same as under 2: 

2KI + Brj « 2ICBr 4 - 12 

4. Determination of Hypochlorous Add in the Presence of Chlorine 

The determination is based upon the following reactions: 

HOCl + 2ia = KCI + KOH -f- I 2 
Ch + 2KI = 2KCI + Ij 

One mole of hypochlorous acid liberates 1 mole of iodine but produces 
at the same time 1 mole of potassium hydroxide, while the chlorine 
amply sets free an equivalent amount of iodine. After neutralizing 
the alkali by means of an excess of hydrochloric acid and determining 
the iodine by titration with sodium thiosulfate, the excess of hydro- 
chloric acid is titrated with standard alkali solution. 



DETERMINATION OF IODINE IN SOLUBLE IODIDES 593 


Procedure. Add a measured excess of 0.1 N hydrochloric acid to a 
potassium iodide solution, and to this add a known amount of the 
solution containing chlorine and hypochlorous acid. Titrate the iodine 
set free with 0.1 A'" tliiosulfate solution. Then add methyl orange to 
the colorless solution and titrate the excess of hydrochloric acid with 
0,1 N NaOn. The alkali hydroxide produced by the action of the 
hypochlorous acid upon the iodide requires half as much 0.1 N acid for 
neutralisation as is required of 0.1 N NasSjOa solution to react with 
the iodine set free by the action of the h 5 T>ochlorous acid. 

Example. If V ml of chlorine + hypochlorous acid solution was taken for 
analysis, (ml 0.1 NllClwas added at the start, T ml 0. 1 N NajSiOjUsed for titrating 
the iodine, and (i ml 0 1 N NaOH for titrating the excess of acid, then ( — (i ml of 0.1 
N acid was required to neutralize the alkali hydroxide and 2 (( — (i) ml of 0.1 N 
NajSjOj to react mth the iodine formed from the hypochlorite. 

Ilcnce (( — (i) 0.005247* = g IIOCl in F ml solution, and 

r — 2 (( — (i) 0 003546 « grams Cl in F ml solution 

5. Determination of Iodine in Soluble Iodides’ 

(a) By Decomposition uifh Ferric Salts 

If a solution of a soluble iodide is treated witii an excess of ferric- 
ammonium alum and acidified with sulfuric acid, tho ferric salt will 
be reduced to ferrous salt with separation of iodine: 

Fea(SO03 + 2111 = HiS04 + 2 FcS 04 + Ij 

If the solution is heated to boiling, the iodine escapes with tho steam 
and c.an lx; collected in a solution of potassium iodide and then titrated 
with sodium Ihio^qilfate or arsenious acid. This method is suited for 
separating iodine from bromine, for bromides do not reduce ferric salts. 
The bromide will be found in the residue obtained after the distillation, 
and Is best determined gravimctrically. 


(6) By Dceomporilion vrith ^^itrous Add {Frcsenins) 

TliLi excellent method, ^hich lx c«pecially suited for determining email amounts 
of iodide in the presence of bromide and chloride in mineral watore, depends upon the 

niOCT - C2.47; 1 ml 0 I ,Y solution - 0003217 g HOCI (again.«t NaOII), 

» In the cft-se of insoluble ioilidp\ the metal must first Iw rcmovc<l if the iodine 
is to l>e ilcterminwl volumetricnJIy. Tliis can be aceompli«!icd by the mcthal of 
Mcnsel {Z anal. Chevi , 12, 137). It may be said, howe\*cr, that the volumetric 
mclliod oflem no advant.sges o\-cr the gravimetric one. 
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easy oxidation of faydriodic acid by means of nitrous acidi 
2HI + 2HNO, = 2HiO + 2NO + h 

HydrocUoric and hydrobromic acids are not attacked by nitrous acid. 

I^TOcedure. To the small apparatus shown in Fig. 87 transfer the 
neutral or slightly alkaline solution of the iodide; make slightly acid 
with (hlute sulfuric acid, and add a little freshly distilled, colorless car- 
bon disulfide (carbon tetrachloride or chloroform), so 
that it does not quite reach to the stopcock, near the 
bottom of the tube. Then introduce 2, or at the most 
3, drops of “ nitrose,"^ stopper the tube, shake vigorously, 
and then allow the carbon disulfide to settle once more. 
The small amount which at first adheres to the glass 
sides can be made to fall to the bottom by revolving and 
inclining the tube. On the upper surface of the liquid 
there will still remain a few tiny drops of carbon disul- 
fide. To obtain these, moisten a filter with water and 
place the funnel under the glass stopcock, remove the 
stopper from the tube, and allow the aqueous solution 
to run through the filter; the carbon disulfide will remain 
behind on the paper. Shako the carbon disulfide 
remaining in the tube 3 times with successive po> 
tions of distilled water, and each time allow the water 
to run off through the same filter. Then place the 
funnel at the top of the lube, puncture the filter wth 
a pointed glass rod, and wash the carbon disulfide 
into the tube by means of about 0.5 ml of water. 
After this add I or 2 drops of sodium bicarbonate 
solution and thoroughly shake with the carbon disul- 
fide, then add standard sodium thiosulfate solution 
until the reddish violet carbon disulfide solution be- 
Fio. 87. comes colorless. 

The value of the sodium thiosulfate solution is not 
determined as ordinarily, but by means of a potassium iodide solu- 
tion treated as above described. 

Remark. This method is useful for determining small amounts of 
iodide in the presence of relatively large amounts of chloride and bro- 
mide, as in the analysis of mineral waters. For the standardization of the 
sodium thiosulfate solution, as nearly as possible the same amount of 



*Cf. Vol. I. 
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potassium iodide should he used as is present in the unknown solution; 
this is determined by the color of the carbon disulfide. Pure potassium 
iodide must be used for this purpose, and its purity tested by means of a 
gravimetric determination of the iodine present in the salt after it has 
been dried at 170-180®. 

The reason the sodium thiosulfate solution must be standardized in 
this way is as follows; 

When an aqueous solution containing iodine is shaken with carbon 
disulfide, not all the iodine but the greater part of it will pass into the 
solvent. The error is compensated, however, by standardizing the 
solution in the same way. 

If the solution of a substance is shaken with another solvent in which 
the former does not mix, the original amount of the substance divides 
itself between the two solvents, and in fact the concentration of one 
solution (amount of the dissolved substance present per milliliter) 
always bears a constant relation to that of the other. 

Thus if aro g of iodine is dissolved in V ml of water, and the solution is 
shaken with Vi ml of carbon disulfide, then Xi g of iodine will remain in 
the aqueous solution and —xtg iviJI pass into the carbon disulfide. 

The amount Xi is found by the following equation : 


( 1 ) 


£i 

V 


go ~ gj 
Vi 


k 


and 


Xl = Xo 


kV 

Vt + Vk 


— and ^ arc the concentrations in each of the solutions, and k is the 

distribution coefficient, which is Hoo for iodine.’ If the aqueous solution 
is now shaken with the same amount of fresh carbon disulfide, then 
xj g of iodine will remain in the W'atcr and Xi — xs will be extracted by 
the carbon disulfide. In this case, however, 


( 2 ) 


= Xc 



g iodine 


so that, after shaking n times with fresh portions of carbon disulfide, the 
amount of iodine remaining in the water would be; 


(3) 



g iodine 


» Berthelot and Jungfleiscb, Campi. raid , 333. 
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Assuming tliat in the analysis 0.005 g of iodine ^as di^olved in 10 ml 
of water and that this solution was shaken once with 1 ml of carbon 
disulfide, then according to equation ( 1 ) 

0.005 • ~ = 0.0001 g iodine 


would remain dissolved in the water, or an amount that can be neglected. 
The distribution coefficient, as used above, holds when the same molecu- 
lar species is present in each solvent- When potassium iodide is added 
to the aqueous solution, ICI 3 is formed and it is much harder to dissolve 
out the iodine. As some potassium iodide is present, the above calcula- 
tion is inexact. 

If, after shaking with carbon disulfide, the aqueous solution still 
appears yellow, it must be treated a second, and perhaps a third, time 
with fresh amounts of carbon bisulfide. 

6. Determination of Bromine in Soluble Bromides (Bunsen) 

If chlorine water is added to a colorless bromide solution in a por- 
celain dish, the solution becomes yellow: 

2KBr + CI 2 = 2KC1 + Bra 

If it is heated to boiling, the bromine is expelled and the solution 
becomes colorless again. The addition of the chlorine water is con- 
tinued until finally no yellow coloration is produced. 

PrepaTation and Standardization oj ike Chlorine Water 

Dilute 100 ml of a saturated chlorine water to 500 ml and titrate 
against a weighed amount of pure potassium bromide which has been 
dried at 170®, taking about the same amount of bromide for the stand- 
ardization as is supposed to be present in the solution to be analyzed. 
During the titration, wrap the buret containing the chlorine water in 
black paper to protect its contents from the light, and hold the tip of 
the buret just above the surface of the hot bromide solution, so that as 
little chlorine as possible is lost by evaporation. 




IODINE AND BROMINE IN MINERAL WATERS 


597 


7. Determination of Iodine and Bromine in Mineral Waters 

According to the amount of halogen present, take 5-60 1 of water for the analysis. 
The amount of bromide and iodide present is usually small compared with the 
chloride, so that the residue obtained by the evaporation of a large amount of water 
cannot be used directly for the analj'NS, but by partial crystallization a mother 
liQUOr rich in bromide and iodide must first be obtained. 

Procedure, Pour the water into a large evaporating dish, a liter 
at a time, and if not already alkaline/ add enough pure sodium car- 
bonate solution to make it distinctly so, and evaporate to about one- 
fourth of its original Yohimc. Tins cattscs the separation of some cal- 
cium and magnesium carbonates, as well as hydroxides of iron and 
manganese, but all the halides remain in solution. Filter off the 
residue and thoroughly wa.sh with water. Concentrate the filtrate 
further until salts begin to crj'stalUzc out, and pour the hot solution 
into 3 times its volume of absolute alcohol; tliis causes tho greater part 
of the sodium chloride and other undesired salts to precipitate. After 
standing 12 hours, filter the alcoholic liquid and wash the residue 5 
or C times with 95 per cent alcohol. 

To the alcoholic solution, which contains all tlio iodide and bromide 
with considerable chloride in the form of the alkali s.alts, odd 6 drops 
of concentrated potassium hydroxide solution and distil off most of the 
alcohol, while passing a current of air through tljo solution by means of 
0 capniaiy tube reaching to the bottom of tho liquid in tho distilling 
flask. 

Evaporate tho residue from the distillation until salts again begin 
to crj'stallizo out nn<l repeat the precipitation with alcohol. Again 
distil off the alcohol, but this lime with the addition of only 1 or 2 drops 
of potassium liydroxido solution. According to the amount of salts 
present in solution repeat this operation 3 to 0 times. Place the final 
filtrate, after the alcohol ha.s l)ocn distilled off, in a platinum dish 
evaporate to drj-ncss, cover tlic dish with a watch gla<V5, and gently 
ignite the residue to destroy organic matter. Dissolve tho residue 
from tfio ignition in a little water, filter off the carbonaceoiLS material,* 
make tlic solution slightly acid with dilute sulfuric acid, titrate the 
iodine Iil)crated by llie addition of 1 or 2 drops of “nitro'qj," and with 
sodium thlo'-iilfnlc, after shaking with chloroform, as de«cribc<l on p, 
59-1.* Determine bromide in the aqueous solution obtained after the 
extraction of the iotlinc with chloroform. Make the acid solution 

•TliP folulinn is alkaline if ftfler the ntldillon of phcnolphlhalria the eolulion 
turrn red on !>oilinR. 

* If il.p filtrate u not complelely coloriesa. evaporate and a^in ignite. 

* I^ecto determines tlie i^wline colorimetrindly {?. anal. Chm , 35, 3is). 
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alkaline by the addition of sodium carbonate solution, add 2 drops of 
a saturated sugar solution, and evaporate the solution to dryness in a 
platinum dish. With a -watch glass upon the (Ush, gently ignite the 
residue to destroy the sugar and tlie excess of nitrite.^ After this has 
been accomplished dissolve the residue in -water, filter, make slightly 
acid with sulfuric acid, and titrate the bromine -with chlorine w'ater as 
described on p. 596. 

Remark. If sufficient mineral water is available it is better to divide the mother 
liquor containing the bromide and iodide into two portions; in one portion deter- 
mine the iodine as above, and in the other determine bromine and iodine by titration 
with chlorine water.* 



8. Analysis of Peroxides (Bunsen) 

All peroxides of the heavy metals which evolve chlorine on treatment with hydro- 
chloric acid can be determined with great accuracy by conducting the chlorine 
into potassium iodide solution and titrating the liberated iodme with sodium thio- 
sulfate or areenioua acid solution. It is only necesary to make sure that the chlorine 
is allowed to act Upon the potas&ium iodide without loss. For all such determina- 
tions, Bunsen employed the apparatus shown in Fig. 88. The small decomposition 
flask of about 40-ml capacity has ground-glass connection with the delivery tub^ 
and is held firmly in place by means of rubber rings, as at a. The lower end of the 
bent delivery tube is drawn out into a not-too-small capillary. 

Procedure. Place the finely powdered substance in the small glass- 
stoppered weighing tube (Fig. 88), which has a small piece of glass 
fused on the end, and weigh. Take hold of the tube by the glass at the 

^ The addition of the sugar caus^ the nitrite to be destroyed at a lower tem- 
perature than w’ould otherwise be the case, and the danger of losing bromine by 
volatilization is avoided. 

*As the chlorine water was standardized r^ainst bromide, an amount of the 
bromine equivalent to the iodine present should be deducted from the amount repre- 
sented by the chlorine water used; the difference shows the bromine present. 

* Instead of the groimd-^lass connection, Bunsen used a tube of the same size as 
the neck of the flask and connected them with rubber tubing, the two glass tubes 
being against each other. 
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bottom/ introduce it into the neck of an absolutely dry decomposition 
flask, and allow the required amount of the substance to fall into it by 
carefully revolving the weighing tube. Again weigh the tube, to de- 
termine the amount of substance taken. Add hydrochloric acid (its 
concentration depends upon the nature of the substance), at once 
connect the delivery tubing wth the flask, and introduce it into the 
retort containing potassium iodide solution. By means of a tiny flame, 
heat the contents of the flask to boiling and distil half to two-thirds of 
the liquid over into the retort. To prevent the iodide solution from 
sucking back into the flask, take out the delivery tube from the retort 
before removing the flame, and wash the contents of the tube into the 
retort; 

Pour the potassium iodide solution into a large beaker, rinse out the 
retort several times with a little water, and then with potassium iodide 
solution to remove any iodine which may remain adhering to the glass. 
Titrate with 0.1 N sodium thiosulfate solution in the presence of starch 
as indicator. In this way pyrolusite, chromates, lead peroxide, minium, 
ceric oxide, selenic, telluric, and molybdic acids may be analyzed. 

(a) Detennination of Manganese Dioxide in Pyrolusite 
1000 ml of 0 1 ^ Na 2 SiO, solution = “ 4.347 g MnOi 

Weigh out about 0.2 g of the substance which has been dried at 120*. 
To this add 25 ml of 4 hydrochloric acid and carry out the analysis 
as described above with 30 ml of 2 per cent potassium iodide solution in 
the retort: 

MnOj -b 4Ha = 2HiO + MnCb -f- Cb 
Ch -b 2KI = 2Ka -b h ' 

If t ml of 0.1 N Na2S20a were used in titrating a g of MnOa, then 
0.4347 1 

— - — = per cent MnOa 

The determination of chromates, lead peroxide, and selenic acid is 
carried out in the same way, except that 12 N hydrochloric acid is 
used for the decomposition. 

Instead of the apparatus shown on p. 698, Rupp* uses a 50-ml distilling flask 
for the decomposition and 750-ml bottle os receiver; tlie bottle contains 250 ml 

* By holding the tube in this way, deviations of weight, due to unequal warming 
are avoided. 

» Chem -Ztg., 62, 429 (1928). 



600 . 


OXIDATION METHODS 


of 1 per cent potassium iodide solution. The arm of the distilling flask is fused to 
18-20 cm of tubing with about S^mm inside diameter, and this long arm is bent 
downward so that the interior angle is about 135“ and the tube will easily reach the 
bottom of the receiving bottle. The long arm is inserted in one hole of a twice-bored 
rubber stopper that fits the receiver. The other hole of the stopper h fitted with 
a tube containing glass beads and some glass wool. The top of the distihing flask 
carries a stopper enclosing a tube which reaches to the bottom of the flask with a 
1-mm opening at the bottom. The top of this tube is closed with a pinchcock on 
rubber tubing, 0.2 g of the pyroluale is introduced into the distilling flask, care being 
taken not to get any powder on the sides. Tu’enty-five milliliters of concentrated hy- 
drochloric acid is introduced and the stopper inserted quickly. The acid is heated 
with a small flame, protected from drafts, until the volume is reduced one-half. 
Then the pinchcock is opened to prevent the liquid sucking back, the flame is re- 
moved, and the contents of the receiver are titrated with thiosulfate. It is well to 
put a few crystals of potassium iodide on top of the glass wool in the drying tube. 
Then, if this is moistened, it will show if any iodine is lost by volatilization. 

(b) Determination of Telluric Acid 

If the telluric acid is present as the hydrous acid (HzTeO* + 2HjO) 
or as tellurate, the analysis is performed in the same way as with selenic 
and chromic acids. If, however, the tellurium is present as the an- 
hydrous acid or as the anhydride, the method must be modified, for 
these substances are scarcely attacked by concentrated hydrochloric 
acid. They are placed in the decomposition flask and dissolved in a 
little concentrated potassium hydroxide;^ to the tellurate solution thus 
obtained the concentrated hydrochloric acid is added, and the reduction 
then is accomplished without difficulty : 

KzTeOi + 4HCI = 2KC1 + HzTeOs + HsO + CU 

According to tins equation, 1 i ol 0. 1 N = 6.275 g Te = 

7.975 g Te02. 


(c) Determination of Ceric Oxide 

1000 ml of 0.1 N ioifine solutioa = ” 17.225 g CeOi 

Ceric oade when mixed with considerable lanthanum and didymium 
oxides is reduced by distillation with concentrated hydrochloric acid: 
2Ce02 + 8HC1 = 4 H 2 O + 2CeCl3 + CU, 

If, however, the mixture contmns but little of the two last substances, 
or if it is pure ceric oxide, the beating with concentrated hydrochloric 
acid is of no avail; the ceric oxide will not dissolve. 


The solution could not be effected by u^g sodium hydroxide. 
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In the presence of hydriodic acid, however, the reduction takes 
place readily, so that it is only necessary to add 2 g of potassium iodide 
to a weighed amount of the substance (0.67-0.68 g) in the decomposition 
flask, and then, after the addition of hydrochloric acid, violet vapors 
of iodine can be distilled from the solution: 

2Ce02 + 2ia + SHCi = 2KCI + 2CeCl3 + 4 H 2 O + I 2 

Often so much iodine will given off that the solid is likely to stop 
up the tube and the flask m*ay explode. To prevent this, do not draw 
out the end of the delivery tube into a capillary, but at the bottom 
leave an opening about 4 mm in diameter. During the operation, the 
flame must be protected from air currents, for otherwise there is danger 
of liquid sucking back from the retort. 

9. Analysis of Chlorates 
: 1 o( 0.1 N Na,S=0, - - 2.0-13 g KCIO, 

CO 

This is carried out the same way as the analysis of pyrolusite (cf. 
p. 599): KCIO 3 + CHCl = KCl + SH^O + SCh. 

Many oxidizing agents can bo determined iodimetrically without 
previous distillation with hydrochloric acid. 

For other methods of analyzing chlorates iodimetrically, consult 
H. Dietz, Chem.-Zlg., 1901, 727, and Luther and Rutter, Z. anal. Ckem., 
46, 521 (1907). 


10. Detertnination of Hypochlorous Acid 

This determination is used in the analysis of chloride of lime. 

Procedure. Into a tared weighing tube introduce about 5 g of 
“ chloride of lime," and weigh the stoppered tube. Wash into a por- 
celain dish, nd> to a paste with a pestle, and transfer without loss to a 
500-ml measuring fi.ask. Dilute to the mark with water, and mix well. 
Of this turbid solution, pipet off 50 ml of the suspension into a 250-ml 
Erlenmeyer fla'^k. Add 2 g of potassium iodide and 15 ml of 4A^ 
sulfuric acid and titrate the liberated iodine with 0.1 N NajSjOj. Ex- 
press the result in percentage of available chlorine which is the equivalent 
of the iodine titrated. 

Remark. Moist samples of bleaching powder decompose Into chlorite and 
chlorate with loss of chlorine gas. According to the above directions, the chlorite 
will liberate Iodine from tlie iodide but the chlorate ^ill not. 
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11. The Analysis of lodates 

1 1 of 0.1 AT No,S,0. = =. 2.932 g HIO, 

60 

Allow the solution of the iodate to nm into an acid solution containing 
an excess of potassium iodide. Iodine is set free according to the 
equation: KIO 3 + 5KI + GHCl = 6KC1 + 3 H 2 O + 3 I 2 . Titrate the 
iodine with thiosulfate solution as described on p. 589. 

12. The Analysis of Periodates 
1 1 of 0.1 AT Na&O, = = 2.399 g fflO, 

The analysis of periodates is carried out exactly as with iodates; 
the reaction that takes place is 

KIO 4 + Via + 8HC1 = 8KC1 + 4 H 2 O + 4 I 2 

13. Analysis of a Mixture of Iodate and Periodate* 

If a neutral or slightly alkaline solution of an alkali periodate is 
treated with a solution of potassium iodide, the following reaction takes 
place: 

KIO* + 2ia + H 2 O = 2KOH + laOs + Is 

The liberated iodine is titrated with tenth-normal arsenious acid 
(not with sodium thiosulfate); in a neutral solution the iodate does 
not react with potassium iodide. For the analysis of a mixture of , 
iodate and periodate, the following procedure is used: 

In one sample determine the iodate -j- periodate by adding the 
solution of the substance to an acid solution containing an excess of 
potassium iodide and titrate the liberated iodine with sodium thiosul- 
fate solution. 

Dissolve a second sample in water, add a drop of phenolphthalein 
indicator, and make the solution alkaline enough to give the pink color 
with phenolphthalein, adding alkali if the solution is acid and hydro- 
chloric acid if the solution is strongly alkaline. To the barely alkaline 
solution, add 10 ml of a cold, saturated solution of sodium bicarbonate 
and then an excess of potassium iodide; titrate the liberated iodine 
at once with 0.1 N arsenious acid.* 


^ E. MtiUer and 0. Friedberger, Ber., 1902, 2655. 

* The iodine cannot be titrated in the alludine solution with sodium thiosulfate, 
and the iodine in the acid solution cannot be Utrated with the arsenious acid. 
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Example. In a mixture of KlOj and ItlOt wwghing a g, the iodine liberated on 
treatment with an acid solution of KI reacts with T ml of 0.1 N NajSsOj nnd the 
same weight of sample liberates in alkaline solution only enough iodine to react with 
i ml of 0.1 N AsjOi solution. By comparing the equations given under 12 and 13, 
it is evident that the penodate alone would react with 4 i ml of 0.1 N NajSjOj in acid 
solution. The amount of KIO4 and KI0» present will be 
t X 1.150 

iXO.OllSOgor per cent KIO« 

o 

(T -it) X 0.3567 ^ 

(r - 40 X 0.003567 g or per cent KIO3 

14. Analysis of Iodides 
(a) Method of H. Dietz and B. M. Margosches'- 

1 1 ot 0.1 W KIO, = S = 10 68 g iodine 
GO 

Treat the solution of the iodide with an excess of 0.1 iV potassium 
iodate solution, make acid with sulfuric acid, add a piece of calcite 
as suggested by Prince,* and boil until all the iodine is expelled. Allow 
the solution to cool, then add an excess of potassium iodide, and titrate 
the iodine now liberated, which corresponds to the excess of potassium 
iodate used, with 0.1 A” NajSrOj solution. 

From the equation 

KIO 3 + 5Kl + 6HCI = 6KC1 -f 3H:0 + Zh 

it is evident that five-sixths of the iodine liberated comes from the iodide. 
If, therefore, T ml of 0.1 N KIOj solution was added and t ml of 0.1 N 
Na 2 S 203 was used for titrating the excess of ICIOj, then there is present 
(T — 0 X 0.01058 g iodine as iodide 

(6) Oxidation of Iodide to Iodate and lodimetrio Titration 

In neutral or eUghtly acidic solutions, iodide can be oxidixed completely to iodate 
by chlorine or bromine. The iodate ion formed can then be made to react with 
added iodide, and six atoms of iodine will be liberated for each molecule of alkali iodide 
originally present. The equivalent weight of I*, in this particular case, is only one- 
sixth of the atomic weight. Small quantities of iodide, therefore, can be determined 
Very satisfactorily. The excess bromine or chlorine can be removed by boiling, or 
as is often more advantageous, by adding phenol or aniline. Phenol solution is often 
used and reacts to form mono-, di-, or tri-substitution products. The following pro- 
cedurc has been recommended for determining the iodide content of table salt The 
sixalled iodized tall is likely to contain about 0.02 per cent potassium iodide. 


^Chem.-Zlg., 19M, II, 1191. 
*Inaiig. Dissert., Zorich, 1910. 
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Procedure. Weigh out 5 g of the salt to the nearest centigram into 
a 250-ml Erlenmcyer flask. Add methyl orange indicator, and then 
carefully add 2 N H 2 SO 4 till the solution is acid to the indicator and 
contains 2.0 ml in excess. Add small portions of freshly prepared 
bromine water, with gentle swirling, until the solution shows that an 
excess of bromine is present by assuming a permanent yellow tint. 
Add a few glass beads to prevent bumping, boil gently until the yellow 
color of the solution disappears, and continue boiling for 2 minutes more. 
Cool to at least room temperature, add 0.2 g ICI and 2-3 ml of starch 
solution, mix, and titrate the liberated iodine with 0.01 N NajSjOj 
solution. Report as potassium iodide. 

Notes. Instead of adding bromine water, vapors of Br j can be introduced into the 
flask by drawing air through a little liquid bromine contained in a gas-washing bottle. 
Carry the vapors through glass tubing which ends in a small orifice just above the 
liquid in the flask. 

Small quantities of bromide do not interfere, but if more than 20 times as much 
bromide as iodide is present, the results will be low. Ferric ions interfere by react- 
ing with iodide, but the interference can be prevented by adding phosphoric acid. 

As little as 1 mg of nitrite interferes, but interference can be prevented by the 
azide method of Reith.^ 


(c) Sodium Nitrite Method 

In the presence of acid, the following reaction takes place completely: 

2NOr + 2l~ - 2NO + I* + 2HsO 

The excess nitrite and the nitric oxide must be removed before attempting to titrate 
the liberated iodine. This can be accomplished conveniently by means of urea: 

2NOr + CO(NHj)* + 2H* » 2N, + CO, + 2H,0 
6NO -h 2CO(NH,), = 6N, + 2CO, -h 2H,0 

Since the reaction between nitrite and iodide takes place more rapidly than the reac- 
tion between nitrous acid and urea, it is possible to add the urea at the start. Chloride 
does not interfere, but if more bromide than is equivalent to the weight of iodide is 
present, the results will be high. 

Procedure. Weigh out to the nearest tenth of a milligram about 
0.4 g of sample into a 250-ml glass-stoppered bottle. Add about 1 g of 
urea, 8 ml of approjdmately 0.5 M sodium nitrite solution, and 5 ml of 
4 N sulfuric acid. Stopper the bottle and allow it to stand with fre- 
quent shaking for about 10 minutes. Add 2 g of potassium iodide to 
dissolve the iodine as KI 3 and titrate with 0.1 N NazSzOj. Stopper 
the bottle frequently and shake to dissolve any iodine vapor. Starch 
indicator solution can be added toward the last, but this is unnecessary 


1 J. F. Reith, Rec. irav. chim,, 48, 386 (1929). 
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about 10 ml of CCU is added at the start. The shaking then helps 
remove the iodine from the orgamc solvent. 


16. lodimetric Analysis of Chromite 


Principle. The chroraium of chromite, FeCrKlj, is oxidized to NajCrO* by fusion 
with sodium peroxide. The melt is leached with water, and the insoluble residue is 
dissolved in hydrochloric acid, added in slight excess. Ammonium fluoride is then 
added to convert into FeFe ; the former ions are reduced by hydriodic acid 
but the latter are unaffected. Then to the acid solution on excess of potassium iodide 
is added and the liberated iodine is Utrated with sodium thiosulfate solution in the 
presence of starch as indicator. 


2FeCrjO< + TNajOj 2NaFeOj + 4 Na,Cr 04 + SNajO (fusion) 


NaFeOt + 2HiO -* Na+ + Fe(OH)i + OH‘ 
2Na,0, + 2H*0 -» 4Na+ + 40H‘ + O, 


(water added) 


(acid added) 


2CrOr' + 2H+ CrsOr” + HjO | 

Pe(OH)j + 3H+ -♦ Fe-*^ + 3H,0 J 

+ 6F“ -♦ FeF» * (fluoride added) 

CraOr' + er + HH* — 2Cr^ + 31, + 7H,0 Oodide added) 
I, + 2S,0,'- -* 21’ + S«Or" (titration) 


From these equations, it is evident that the milliequivalent weight of chromium 
is the atomic weight divided by 3000 as in the analysis with potassium dichromate 
(p. 682). 

For the fusion, an iron crucible of about 25-ml capacity Is commonly used. A 
nickel crucible is attacked less by the peroxide furion, and the presence of nickel has 
been found advantageous for the decomposition of the excess peroxide, but it is usually 
necessary to Alter the solution after making it acid when a nickel crucible is used, 
and the nickel crucible costs considerably more. A porcelain crucible has also been 
recommended, but this again is more expensive than the iron. The fusion can also 
be carried out in a test tube. 


Procedure. Weigh out 0.3-0.4 g of chromito and fuse with sodium 
peroxide exactly os described on p. 682. Continue as directed there 
down to the point where the solution is made acid. Then, instead of 
sulfuric acid, add hydrochloric acid until all the hydrated ferric oxide 
lias dissolved. Use 1 ml of concentrated hydrochloric acid in excess 
for each 100 ml of solution. Add 2 g of ammonium fluoride, more if 
necessary, until a small drop of the solution will give no test for Fe+++ 
with potassium ferrocyanide solution on the spot plate. Add 3 g of 
potassium iodide, ivait 3 minutc-s, and then titrate with sodium thiosul- 
fate solution. Add starch solution toward the last. 


16. Analysis of Soluble Chromates 
A concentrated, acid solution of potassium iodide is treated with a 
weighed amount of the chromate, diluted with W'atcr, and the liberated 
io<Vmc titrated. (Cf. standardization of sodium thiosulfate against 
potassium dichromatc, p. 588.) 
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17. Determination of Lead Peroxide 
1 1 of 0.1 N NaiSiOi « 11.9G g PbOi 
Method of Diehl, modified by Topfi 

The analysis depends upon the fact that lead perojdde is reduced by means of 
potassium iodide in acetic acid solution when considerable alkali acetate is present: 

PbO, + 4HI « Pblj + 2HsO + I, 

After diluting with water the iodine is titrated with 0.1 N NajSjOs solution. 

Procedure. Dissolve about 0.5 g of the substance with 1.2 g of 
potassium iodide and 10 g of sodium acetate in 5 ml of 5 per cent acetic 
acid. Dilute the solution with water to a volume of 25 ml and titrate 
with sodium thiosulfate. 

Remark. Moist lead peroxide reacts almost instantly on undergoing the above 
treatment; thoroughly dried material, on the other hand, dissolves after a few min- 
utes provided that it is finely ground. If the dry peroxide is in the forin of coarse 
grains, however, it may be several hours before the reaction is finished, or the decom- 
position may bo incomplete. 

Furthermore, too much potassium iodide should not be used, as otherwise lead 
iodide will separate out. In that event add 3-5 g more of sodium acetate and a 
few milliliters of water. Shake until the lead iodide has dissolved completely, 
and then dilute to a volume of 25 ml. The solution must remain perfectly clear 
and there should not be a trace of lead iodide precipitate. 

This excellent method may also be used for the analysis of minium (red lead) or 
pyroluate. 


18. Determination of Ozone in Ozonized Oxygen 

1 1 of 0.1 N Na.S/), = ^ - 2,4 g O, 

(a) Schdnbein*s Method 

The most accurate method for estimating ozone consists in allowing the ozonized 
oxygen to act upon potassium Iodide solution whereby free iodine is formed: 

2KI + O, + HiO = 2KOH + I* + O* 

and the iodine may be titrated, after acidifying the solution with dilute sulfuric 
acid, by means of 0.1 N sodium thiosulfate. 

It makes a difference, however, whether the ozone reacts with a neutral or with an 
acid solution of potas5>ium iodide. In the latter case far too much iodine is liber- 
ated, although in the former case exactly the right amount is set free. Sir B. G. 
Brodie* called attention to this fact in his classic researches on ozone. Brodie 


* Diehl, Dinglers Polylech. J., 246, 19^ and Topf, Z. anal. Chem., 26, 296 (1887). 

* Phxl. Trans., 162, 435-484 (1872). 
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confirmed the results obtained in hia titrations by weighing the amount of ozone 
used in the experiments This work of Brodie's appears to have been forgotten,* 
for many other chemists have since that time attempted to work out an iodimetric 
method for estimating ozone, some u^g acid and some neutral solutions to ab- 
sorb the gas, although for a long time it occurred to no one else that the results 
could be checked by weighing out ft definite amount of ozone for test experiments. 
In 1901, however, this was done in a very simple way by R. Ladenburg and R 
Quasig,* who were without knowledge of Brodie's work. Their method consisted in 
weighing a glass bulb of knoum capacity which was provided with glass stopcocks, 
filling it with oxj’gen, and then weighing. The oxygen was then replaced by ozone, 
so that the gain in weight multiplied by 3 represented Ike amount of ozone present. 

In order, now, to titrate the ozone, Ladenburg and Quasig expelled the gas from 
the bulb by distilled w’ater, and conducted it slowly through a neutral solution of 
potassium iodide which was subsequently treated with an equivalent amount of 
sulfuric acid and the liberated iodine titrated with N sodium thiosulfate. 

The results of Ladenburg and Quasig have been carefully tested in the author’s 
laboratory* and the method improved somewhat by absorbing the ozonized oxygen 
in the glass bulb itself rather than expelling the gas from the bulb and passing it 
into an iodide solution. 

The estimation of ozone by weighing is a much too roundabout process to permit 
a practical application, particularly on account of the fact that the measurement 
and weighing of the gas must take place in a room at constant temperature, a con- 
dition which often cannot be readily fulfilled. Consequently the volumetric titration 
of the gas is far more practical. 

Procedure. Procure a glass bulb of about 390-400 ml capacity, of 
the form shomi in Fig. 89, and determine its volume accurately by 
weighing it empty and then fill with water, applying the correction for 
temperature as described on pp. 435 ct seq. Connect the bulb tvith a 
gas delivery tube, making use of Babo flanged joints (Fig. 89, c and d) 
pressing them together by means of a steel clamp, lined with cork (Fig. 
90). Connect the delivery tube with the supply of ozone and oxygen, 
and replace the water in the bulb with the gas. During the filling of the 
bulb, but little of the ozone is absorbed by the water. Wlien the tube 
is filled, close the lower stopcock first and the upper one a few seconds 
later. Then disconnect the bulb with the gas delivery tube, invert 
open the upper stopcock quickly for an instant to establish atmospheric 
pres-sure in the bulb, and connect by means of rubber tubing with 
the gas reservoir N which is filled with 2 N potassium iodide solution 
(Fig. 91). Allow’ the air imprisoned in the rubber tubing to escape 
through the three-way stopcock b, and after properly setting the cock, 
introduce 20-30 ml of the iodide solution into the bulb. Finally 
close the stopcock b and disconnect tire rubber tubing. Shake the 

* Luther and Infills, Z. physik. Chan., 48, 208 (1903) 

34, 1181(1001). 

* Treadwell and .Annelcr, Z. anorg Chan., 48, 86 (1005). 
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contents of the bulb vigorously and allow to stand for half an hour; 
at the end of this time the absorption of the ozone will be complete. 

Place an Erlenmeyer flask under the stopcock b'\ open this and 
immediately afterwards the upper stopcock also. Wash out the bulb 
first by introducing some potasaum iodide solution through a and finally 



Fig. 89, Fia. 90. Fia. 91. 


with pure water. Make the contents of the flask acid with dilute sulfuric 
acid and titrate the liberated iodine with 0.1 N sodium thiosulfate. 

The computation is as follows: A^mne the bulb to hold V ml; the 
weight of ozone found by titration = p g; the temperature = f,- the 
barometer reading = B ml, and the tension of water vapor = to. 

The volume of the bulb at 0® and 760 mm pressure is 


VjB - w) 273 
760 (273 + 0 


ml 


When filled with oxygen this would weigh: 


0.032Vo 
22.41 ® 
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Tiiereforc the weight of oxygen and ozone in the bulb is 
0.032Fo p 
22.41 '^3 


and the percentage of ozone in the mixture is 


lOOp 6723p 

0.032n ~p " 0.0967 o + 22.41p 
22.41 3 


per cent ozone 


(6) Method of Soret-Thenard^ 

Ozone is absorbed quantitatively by means of sodium arsenite solu- 
tion in accordance wdth the following equation: 

NajHAsOj + Oa = Na-HA-sO* + O2 

although A. Ladenburg* finds that the absorption takes place much 
more slowly than by means of potassium iodide. When, therefore, the 
ozone is passed through the arsenite solution, there is danger of getting 
too low results. If the absorption takes place in a glass bulb, however, 
the results arc good. 

Ozone is also absorbed by alkali bisulfite* solutions and may bo 
estimated in this way, by titrating the excess of bilsufite with iodine. 
Ladenburg,^ however, lias shown that the method is not so accurate 
as tlio potassium iodide one, so that it will not be considered further here. 

19. Determination of Hydrogen Peroxide. Kingzett’s Method® 

1 1 oI 0.1 N Na,S,0, BolulioD = « 1.700S g n,0, 

20 

The hj’droRcn perotide Folutioa is diluted until its H,Oi content corresponds to 
about O.C per cent by weight, and of this solution 10 ml is used in the analysis. 

Procedure. Place about 2 g of potassium iodide in an Erlcnmeyer 
fl.a'ik and di^^'solvc in 200 ml of water. Add 30 ml of 18 sulfuric 
acid, and then, with constant stirring, introduce 10 ml of the hydrogen 
peroxide solution from a pipet. After allowing to stand for 5 minutes, 
titrate the iodine liberated with 0.1 N thiosulfate solution. 

n.Oi + 2 KI + IIsSO, = KjSOi + 2II1O + Ij 

» ComjA. rend , 38. 445 (1S31); 76, 171 (1872). 

»/trr., 3G, 11.5(1003). 

* Neutral alkali eulfitc Is not suitable here, because it is not oxidized quickly by 
pure otjRcn alone. 

* Iaoc. cil. 

‘ Ji Chem. Soc,, 1880, 702. 



612 


OXIDATION METHODS 


of the filtrate amounts to about 75 ml, receiving it in a 150-mI beaker. 
Take a strip of aluminum about 2.5 cm wide and 14 cm long, bend it 
into a triangle, and place it in the beaker resting on its edge. Cover the 
beaker and boil gently forT-lO minutes, which will be sufficient to precip- 
itate all the copper, provided that the solution does not much exceed 
75 ml. Avoid boiling to a very small volume. The aluminum should 
now appear clean, the copper being detached or loosely adhering. 
Remove from the heat, and wash down the cover and sides of the beaker 
with hydrogen sulfide water. This will prevent oxidation and will also 
serve to precipitate the last traces of copper. If the hydrogen sulfide 
shows that more than a very little copper remained in solution, it is 
best to dilute the solution to 75 ml again and to boil a little longer. This 
will coagulate the sulfide. Finally, decant through a filter and then, 
wthout delay, transfer the precipitate to the filter \rith the aid of a 
stream of hydrogen sulfide water from a wash bottle. Let the strip of 
aluminum remain in the beaker, but wash it as clean as possible 'with 
the hydrogen sulfide water. Wash the filter and precipitate at least 6 
times with this hydrogen sulfide water, but take care not to let the filter 
remain empty for any length of time. Moist copper sulfide oxidizes 
very rapidly when in contact with the air with the formation of a little 
copper sulfate, which will dissolve and pass through the filter only to 
precipitate again when it comes in contact wth the filtrate containing 
hydrogen sulfide. 

Now place the original clean flask under the funnel, perforate the 
filter, and rinse the precipitate into the flask viith hot w'ater, using as 
little as possible. Lift the fold of the filter and rinse down any pre- 
cipitate found beneath the fold. Using a small plpet, allow 5 ml of 
strong nitric acid to run over the aluminum in the beaker and pour it 
from the beaker through the filter into the flask, but do not wash the 
beaker or filter at this stage. Remove the flask and replace it vith the 
beaker. Heat the contents of the flask to dissolve the copper and expel 
the red fumes, then again place the flask under the funnel. Now pour 
over the filter 5 ml or more of bromine water, using enough to impart 
a strong color to the solution in the flask. Next wash the beaker and 
aluminum, pouring the washings through the filter. Finally wash the 
filter 6 times with hot water. Boil till the solution is reduce to about 
25 ml, cool somewhat, and add a slight excess of strong ammonia (about 
7 ml). Boil off the excess of ammonia, add an excess of acetic acid, 
and boil a minute longer. Cool to room temperature, add 3 g of potas- 
sium iojfide, and titrate with sodium thiosulfate solution, adding starch 
toward the last. 
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(6) Method of Park 

Dissolve the sample exactly as described in the above ^ethod of 
dc Haen-Low and continue exactly as described there but receive the fil- 
trate obtained after heating to fumes of HsSO^, diluting and filtering 
off the unsoluble residue, in a 250-mI Erlenmeyer flask. /Concentrate 
to about 30 ml, cool, and add ammonium hydroxide until a slight per- 
manent precipitate (usually Fe(OH) 3 ) is formed or the solution begins 
to turn a permanent blue. Heat if necessary to remoy<rc^ePs ammonia. 
Add 2 g of ammonium bifluoride, weighed io theii^rest centigram, n:nd 
1 g of potassium acid phthalate, also weighed to the fiearest ct-ntigram. 
When the solution is clear, add^appfoximately 3 g of pota'jsium iodide- 
and titrate at once with thiosulfate solution, adding starch toward''the 
last. 

With the above conditions the pH of the solution is about 4 and anti- 
mony or arsenic is not reduced by the iodide. Ferric iron is not reduced 
because it is fnes-:'^ for the most part as FeF$""- anions. 

/ 

/ . -\iialysis of Arsenious Acid 

The titration can take place in exactly the same way as in the stand- 
ardi25ation of 0.1 N iodine solution (sec p. 590). 


/ 


23. Determination of Antimony Trioxide Compounds 
Sb,0, 


1 liter of 0 1 N iodine solution = - 


= 7.289 g Sb,0* «= 6.0S9 g Sb 


The titration i& carried out exactly as with arsenious acid (cf. p. 590) 
except that tartaric acid, or Rochelle salt, must be added to the solu- 
tion ill order to prevent the precipitation of antimonous acid, or anti- 
o.\ycliloride, as a result of hydrolysis. 


^(a) Dcterminaticm of Antimony in Tartar Emetic 
I tier ot 0 1 W iodine «)lotioii = ^ 

jf nn ;iqueou3 solution of tartar emetic is treated with iodine in the presence of 
j'.'irclj, the first few drops of reagent will impart a permanent blue color to the solu- 
tion If, ho^vcver, a little sodium bicarbonate is added to the solution, the trivalent 
..■'t •! dny is oxidized quantitatively to the qulnqucvalcnt condition. 

K{^!A»C,II,Oi + CNallCOj + Ij “ 

/ NaiSbOi -I- 2NaI + IvNaC,H,0* + 311,0 -f- CCOi 
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Dissolve 8.350 g of tartar emetic in water, dilute the solution to exactly 500 ml, 
and mix well. Of this solution, transfer 20 ml with a pipet into 100 ml of water 
containing 0.5 g of sodium bicarbonate. Titrate with 0.1 N iodine solution, using 
starch as an indicator. ^ 

(6) Determination of Antimony in Stihnite 
V ml of nomLl ioiKne solution = 0.060S8 g Sb 

Principle. Stibhite, SbjSj, ^ssolvca in 12 N|nonnal hydrochloric acid with evolu- 
tion of hydrogen sulfide, • t 

' ' SbjSj + 8HC1 -» 2HSbCU + 3HsS T 

I 

After the hydrogen sulfide has'^en removed, tartaric acid is added to form the 
-- antimonyl tartrate ion, which is ^-fltable that it prevents the hydrolysis of the 
antimony salt upon dilution: 

. SbCl,- + HiC^H A + H,0 H(SbO)C«H*Oa + 3H+ + 4a- 

The final titration takes place aa follows: 

HCSbO)04HA + I* + 2HCOr -»H(SbO0C.H4^^.21' + H»0 + 200* T 

Weigh out 0.2-0.3 g of stibnite into a'l50-ml oeaker, cover vith a 
■watch glass, and add 10 ml of concentrated bydrocnipric acid. Allow 
the acid to act in the cold for 10 minutes, add'0.3 g oiNsolid potassium 
chloride, and heat gently on the water bath for 15 minutes to complete 
the attack and expel hydrogen sulfide. Take care not Ho allow the 
liquid to evaporate sufficiently to expose any part of the bottom of the 
beaker. There is usually a silicious residue, insoluble in hydrochloric 
acid. 

Remove the beaker from the water bath, cool to room temperature, 
and add a solution of 3 g of tartaric acid ■winch has heen dissolved by 
heating in a teat tube -with 5 ml of water and cooled imder running 
water. Mix well by rotating the contents of the beaker. Slowly add 
■water, while stirring, to a volume of about 100 ml. ' 

Pour this solution slowly, while stirring, into a 600-ml beaker contain- 
ing 10 g of sodium carbonate dissolved in 200 ml of cold water. This 
serves to neutralize the acid and provide sufficient sodium bicarbonate 
to keep the solution neutral during the iodine titration. Washdown the 
sides of the beaker, add starch paste, mid titrate ■u’ith iodine to the aP" 
pearance of a permanent blue. 

If a fugitive end point is obtmned, SbOCl has been precipitated or 
not enough sodium bicarbonate is present. 

Hemarks. Antimony chloride is volatile with steam from its concentrated, hydro- 
chloric acid solutions, but the heating on the water bath can be carried out, without 
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fear of losing antimony, if the acid is not allowed to evaporate too much and KCl 
is present to form less volatile KSbCL. This heating serves to remove all the 
hydrogen sulfide which would otherwise precipitate the antimony as trisulfide upon 
diluting the solution. If insufficient tartaric acid is present, antimony oxychloride, 
SbOCl, precipitates; and if the solution is titrated in this condition it is impossible 
to obtain a permanent end point. 

24. Determination of Antimony Pentoxide Compounds (A. Weller)^ 

By heating a quinquevalent antimony compound vvith concentrated 
hydrochloric acid and potassium iodide in the Bunsen apparatus (Fig. 
88, p. 59S), the antimonic acid is reduced with separation of iodine: 

H3Sb04 + SH+ + 21" ^ Sb+++ + 4 H 2 O + I 2 

The iodine is distilled over into potassium iodide solution and titrated 
with 0.1 N NajSaOa solution. The results are a little low. 

26. Determination of Hydrogen Sulfide 
1 1 of 0.1 N Na,SiO, solution “ - 1.704 g H,S 

If an acid solution of hydrogen sulfide is treated with iodine, the 
sulfide is oxidized with separation of sulfur: H:S + I 2 * 2HI + S. 
The solution must not react basic as then some sulfide will be oxidized 
to sulfate and some iodine will react with OH" to form iodide and iodate 
ions. 

For the determination of the amount of the gas present in hydrogen 
sulfide water, transfer a measured amount by means of a pipet to a 
known volume of 0.1 iV iodine solution and titrate the excess of the latter 
with thiosulfate solution.* 

If the amount of hydrogen sulfide present is not very large, correct 
results are obtained without difficulty. With considerable hydrogen 
sulfide, on the other hand, the deposit^ sulfur is likely to enclose some 
of the iodine solution, as shown by its brown color; this iodine escapes 
the titration with thiosulfate. In such a case, remove the film of sul- 
fur floating on the surface of the liquid with a glass rod after the com- 
pletion of the thiosulfate titration,transfcritto a glass-stoppered cylinder 
and shake with 1-2 ml of carbon disulfide. This dissolves the iodine 
with a violet color, and the color canbe discharged with sodium thiosulfate 

^Ann. Chan. Pkarm., 213, 3G-1. 

’Correct results cannot be obtained by titrating directly with iodine* cf O 
Bninct, Z. am!. Chm., 46, Ml (1300). ’ ' ' 
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solution.^ In this way the total amount of the iodine that remains can 
be titrated. 

Remark. This method can be used to advantage for determining the sulfur . , 
ent in soluble sulfides. 


Deienminaiion of Hydrogen Sulfide in Mineral Waters 
■ Place a measured amount of 0.01 N iodine solution and 2 g of potas- 
sium iodide in a tall liter cylinder, add 1 1 of the water to be analyzed, 
and, after thoroughly shaking, titrate the excess of the iodine with 
0.01 N thiosulfate. The iodine solution used is standardized by meas- 
uring off 10 ml of the solution, adding 2 g of potassium iodide, diluting 
to 1 1 with boiled water, and titrating with 0.01 N thiosulfate solution. 


Remark. The hydrogen sulfide in a water is not alwas's present as free gas but 
may be present as hydrosulfide, i e., as HS“ anions. The mineral water will also 
contain free carbonic acid and HCOj* anions. According to the mass-action law: 


( 1 ) 


m X tHS-] 
[H,S] 


0.91 X lO”’ 


and 


( 2 ) 


[H*] X [HCOn 
lH,CO,] 


3.04 X 10’^ 


Since the two equilibria ore both satisfied in the solution, the hydrogen-ion con- 
centrated is the same in each expression. [H*! »* 0-^1 « and inserting 

[HS J 

this value in equation (2) we have 


(3) 


[HS-] 

IHtSJ 


03 


IHcori 

lH,CO,l 


In all these equations the symbols in brackets represent moles per liter of the sub- 
stance. 

With the aid of equation (3) it b possible to compute the quantity of free hydrogen 
sulfide present in a sample of nuneral provided that a complete analysb of the water 
has been made. 

Let C7 = the total millimoles per liter of non-ionized HiCO* and HCOj“, let S = 
the total millimoles per liter of HS" and non-ionized H»S, and let d = the difference 
between the total milliequivalents of cations per liter and of the anions with the 
exception of HCO," and HS". Then d = [HS"] -1- [HCOj"], S = [HS" HjSl 
and C = d -h [H,CO,l - [HS"]. 

From thb it follows; 

[HS"] « 5 - [HjS] 

[HCO, "I = d - IHS"J = d - iS -h [HsS] 

[HiCO,] = C~d -b’ [HS"1 ^C-d + S- [H^] 

^ The separation of the sulfur into a coherent film can be prevented by sufficiently 
diluting the solution with boiled water. O. Brunck (Z. an^. Chem., 45, 541) there- 
fore, recommends using 0.01 N iodine instead of 0.1 N solution, and thb b certainly 
advisable with small quantities of hydrogen sulfide as, for example, in a mineral 
water. On the other hand, when a relatively large volume of hydrogen sulfide is 
liberated from a sulfide by means of add it b advisable to use 0.1 N iodine, as other- 
wise the volume of solution will be too large unless a very small weight of substance 
b used in the analysb. 
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Substituting these values in equation (3) we get: 

S - [lIsSl „ „ d - S -f [ILSl _ 

[H,S1 ‘*-^C-d + S-[ILS] 

and by solving the equation 

(I.7S - C - 0.7d) ± V(L7S + C - 0.7d)' - 2.8S(S + C - d) 

(4) — 

** mOIimoles of free HiS per liter. 

This value multiplied by 0 03 109 pvea the weight of free in grams. 

26. Analysis of Alkali Suliides 

1 1 of 0.1 W iodine solution = ^ ~ LC03 g S 

Allow a measured volume of tlic alkali sulfide solution to run slowly, 
with constant stirring, into 300-400 ml of water, an excess of iodine, 
and hydrochloric acid.‘ Titrate the excess of iodine with sodium thio- 
sulfate solution. 

Remark. The solution of sulfide cannot be titrated directly in the iodine. 

27. Analysis of Mixtures of Alkali Sulfide, Alkali Hydrosulfide, 
and Hydrogen Sulfide 

( 1.701 g HtS 

1 1 of 0.1 N iodine solution * | 2.803 g NallS 
I 3 903 g Na,S 

Principle. If a solution of alkali sulfide and alkali hydrosulfidc is treated with an 
acid solution of iodine, the following reactions take place; 

(a) Na,S + 2HC1 = 2NaCl + HrS 

(b) NaSH + HCl = Naa + H,S 
(e) II, S + I, = 2HI + S 

Hydrogen sulfide is a very weak acid, without effect upon phenolphthalein indt, 
cator. After oxidation, the hydrogen sulfide is replaced by the strong mineral acid- 
hydriodic acid. 

It is evident from the above equations that in ''f **- 

of hydriodic acid formed by th 

quantity of hydrochloric acid ' • . 

hydrosulfjde, however, which is the add salt of hydrogen sulfide, the quantity of 
hydriodic acid formed is equivalent to twice the quantity of hydrochloric acid required 
to decompose the hydrosulfide. 

By determining the quantity of add or base present at the start, the acidity at the 

end of the analysis, and the oiinnfitv of -o— > : ->• • 

sulfur, one can distinguii 
that any strong acid pre 


‘ To determine how much acid is necessary, titrate a trial sample with methyl 
orange as indicator with 6 N hydrochloric add. 
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The reasoning applies, of course, to cases where other strong acids or other bases are 
present. The solution may contain: 

(1) Sodium hydroxide, NaOH, and sodium sulfide, Na^. , 

(2) Sodium sulfide alone. 

(3) Sodium sulfide, NajS, and sodium hydrosulfide, NaHS. 

(4) Sodium hydrosulfide alone. 

(5) Sodium hydrosulfide, NaHS, and hydrogen sulfide, H 2 S. 

(6) Hydrogen sulfide alone. 

0^) Hydrogen sulfide, HiS, and hydrochloric acid, HCl. 

Any other possibility is excluded because sodium hydroxide and sodimn hydrosulfide 
react to form sodium sulfide; sodium sulfide and hydrogen sulfide react to form 
sodium hydrosulfide; sodium hydrosulfide and hydrochloric acid react to form hydro- 
gen sulfide. We may regard these last three reactions as taldng place practically 
completely because there is a great difference in the ionization constants of HCl, 
H 2 S and HS". 

Now let us consider what will happen in the analysis of the seven mixtures just 
mentioned. In the analysis let us assume that a milliequivaJents of iodine solution 
together with 6 milliequivalents of hydrochloric acid are added at the start. The 
excess iodine is titrated with c milliequivalents of sodium thiosulfate, and after that 
d milliequivalents of sodium hydroxide are added to make the solution neutral to 
phenolphthalein. From these four values, c, h, c, and d, we can easily compute 
the quantity of NaOH, NajS, NaHS, HjS, and HCl originally present, but, as just 
explained, the only possible combinations will be two neighboring compounds, 
NaOH and NaiS, NasS and NaHS, NaHS and HsS, HjS and HCl. 

(1) In this case, the hydrochloric acid added at the beginning of tbe analyris will 
be neutralized by both NaOH and NaiS. The quantity of iodine required will be 
equivalent to the sulfide present, and, rince the weak hydrogen sulfide becomes strong 
hydriodio acid, just as much hydriodic acid will be formed as was required of hydro- 
chloric acid to liberate hydrogen sulfide from tbe sodium sulfide. 

o — c «= milliequivalents of sulfide present 
b — d ^ milliequivalents of NaOH 

The molecular weight of NaiS divided by 2000 is the milliequivalent weight of NaiS. 

(2) In the second case, when sodium sulfide alone is present, & = d and a — c — 
milliequivalents of sulfide as in case (1). 

(3) When sodium sulfide and sodium hydrteulfide are both present, the relations 
are a little more complicated. As in the previous cases, o — c “ the milliequiva- 
lents of sulfide present, and the miUiequii^ents of sodium sulfide and of sodium 
hydrosulfide^rom the standpoint of iodimetty are the molecular weights divided by 
2000 in each case. The value d in this case is greater than 6; d — b — the milh- 
equivalents of NaHS present and a — c > 2(<i — b) because the milliequivalent 
weight of sodium hydrosulfide from the acldimetric standpoint is one-thousandth of 
the molecular weight. Therefore, if we subtract from o — c (the total milliequiva- 
lents of iodine required for Na^ and NaHS) twice the value of d — b, tbe difference 
will be the milliequivalents of NaiS present. 

(4) Here a — c = 2(d — b). The NaHS content can be computed from either 
a — c or from d — b, but we must remember to divide the molecular weight of NaHS 
by 2000 if we wish to find the milliequivalent from the iodimetric standpoint and by 
1000 if we wish to find the milliequivalent from the acldimetric standpoint. 
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(5) When NaHS and IIjS are present, « ~ c < 2{d — 6) . Here, as in every other 
case, the milhequivalent of each sulfide is the molecular weight divided by 2000 
from the iodimetric standpoint. With respect to the HI formed by the action of 
iodine, the millicquivalent weight of NaHS is the molecular weight divided by 
1000, but with hydrogen sulfide it is the molecular weight divided by 2000 exactly as 
in the iodine titration. If we call ni the number of millimoles of NaHS and nj 
the millimoles of HjS, then 

2ni + 2ni = a—e 


«j 4- 2nj « d — 6 

(C) When hydrogen sulfide alone is present 

a ~ c = d ~ h 


(7) When hydrogen sulfide and hydrochloric acid are present, o — e < d — 6. 
From the value of a — c the quantity of H*S can be computed, and by subtracting 
a — c from d — 6 the milliequivalents of HCI present are found. 

In any case, therefore, all we have to do is to compare the milliequivalents of 
iodine with the milliequivalents of acid or base required to neutralize the solution 
after the iodine titration Calling the former value Ti (o ~ c in the above notation) 
and the latter value T* (d — 6 in the above notation), the above seven cases can be 
summarized as follows: 

(1) In determining Ti, we find that h>d. The solution contains NaOH and 
NaiS. 

(2) Ti = 0. NajS alone is present. 

(3) Ti > 2Tj. NajS and NaHS arc present. 

(4) Ti = 27’s. NaHS alone is present. 

(5) T\ < 2Ti. NaHS and HjS are present. 

(6) Ti = Ti. HjS alone is present. 

(7) Ti < Tj. HjS and HCI are present. 


One naturally inquires at this point whether such n study is of great imnor 
tance. No such claim can be made. There is really no need for asking a 
student to carry out such an analysis in the lahoratory in an elementary course of 
instruction. 0" . 

relations, for £ 
stands what is 


great difficult, m lonowni^g rue anove reasomuE, Contusion arises from the tact that 
the milhequiyalent freight varies in accordance with the nature of the chcmica 


Procedure. Dilute a known volume of 0.1 N iodine together with 
a known volume of 0.1 N hydroohlorio acid* in a beaker to a volumVof 
about 400 inl, and slowly add the solution containing the dissolved sul- 
fide from a buret with constant stirring, untU the mixture becomes pale 
yellow. Ad d starch indicator and titrate the excess of iodine with tenth- 

> Enough acid to decompose all sulfide most he present. An excess does no harm. 
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normal thiosulfate solution. Finally, titrate the acid in the solution 
■with 0.1 N sodium hydroxide solution, using phenolphthalein as indicator. 
Calculate the results as outlined above. 


28. Determination of Sulfur in Steel by the Evolution Method 

Transfer 5 g of steel borings to a 250-ml flask which is fitted with a 
rubber stopper carrying a thistle tube that extends nearly to the bottom 
of the flask and a Kjeldahl distilling bulb 
which ends Just below the surface of the stop- 
per (Fig. 92). This bulb acts as a splash 
trap. Connect the outside end of the bulb 
with glass tubing that reaches nearly to the 
bottom of a 200-ml Erlenmeyer flask. Con- 
nect the latter -with a second Erlenmeyer 
flask. In each of the Erlenmeyer flasks 
place 50 ml of water and 10 ml of either of 
the following aramoniacal absorbents. 

Ammoniaca! Zinc Sulfate. Dissolve 20 g of 
ZnSO«*7H,0 in 100 tol of water, and to the solu- 
tion add an equal volume of concentrated am- 
monium hydroxide. Filter after standing over 
night. 

Ammoniacal Cadmium Chloride. Dissolve 12 g 
of CdClf2H,0 in 150 ml of water and to the 
solution add ^ ml of concentrated ammonium 
hydroxide. Filter if not clear. 

Pour 80 ml of 6 iV HCl through the thistle tube of the evolution 
flask and heat so that there is a rapid and steady evolution of gas. 
When all the steel has dissolved, boil for 30 seconds, but never long 
enough to cause much HCI to pass over into the other flasks. The 
first flask should contain all the sulfur of the steel as white ZnS or as 
yellow CdS. The second flask is used merely to make sure that no 
HzS escapes unabsorbed. Filter off the sulfide precipitate, and wash 
out the flask twice with dilute !NH*OH (approximately 0.5 iV). Trans- 
fer the filter and precipitate to a beaker, and cover with 300 ml of water. 
Rinse out the delivery tubing, where there is any sulfide, with 50 ml of 
N HCl, and add this solution to the liqmd in the beaker containing the 
precipitate. At once add a measured volume of standard iodine solu- 
tion (10 ml of 0.05 N solution is usually sufficient and should be added 
from a pipet), and after a few minutes titrate the excess iodine with 
sodium thiosulfate solution to a starch end point (see p. 588). 
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Unless the relative strengths of the two solutions have been checked 
recently, add 10 ml of the iodine solution from a pipet to 300 ml of 
water to which 5 ml of concentrated HCl has been added and titrate 
with thiosulfate to a starch end point. 

In this analysis, the milliequivalcnt weight of sulfur is 0.016 g. 
Standardize the solutions by any method described on pp. 586-591. 

Most cast irons do not give up all their sulfur by this method of analysis. The 
values are nearer the truth if the sample is annealed as follows: Wrap 5 g of sample 
in two 11-cm filter papers so that all the metal is under at least 3 thicknesses of 
paper. Place in a 25-ml porcelain crucible, cover with a well-fitting lid, and heat 
SO-40 minutes at about 750®. Cool slowly, and transfer the charred paper and steel 
to the evolution flask. With high-silicon irons, heat the acid rapidly to boiling and 
then allow to simmer. 

If selenium is present, all or a part of it is evolved as HiSe. If a mixture of HjS 
and HjSe is passed through GO ml of the following special reagent, the HiSe is absorbed 
but the HiS is not. After tliis the HjS is absorbed as usual. 

Special Reagent for HjSe. Mix 10 g of 2nO with water and dissolve in as little 
6 N HCl as is convenient. Add 50 g of KCl and dilute to 11. Add dilute KOH until 
a portion of the solution gives a yellow color when tested witli thymol blue indicator, 
then add carefully dilute HCl until the color obtained in the test is a full red. 
This reagent absorbs HjSe but not HtS. 

Remark. Iratead of 0.05 N iocUne solution a solution of 1.12 g KIO* and 12 g 
KI in a liter of water is often used. This mixture furnishes iodine when added to 
dilute acid; 

SKI + KIO, + OHa « 31, + 6KC1 + 3H,0 

It is 0 0314 N with respect to iodine and 1 ml = 0.000503 g S if the KIO, is pure and 
the weighing is exact to three significant figures. 

29. Determinatioa of Thiosulfate in the Presence of Sulfide 
and Hydrosulfide 

Treat a measured volume of the solution in a 200-ml measuring flask 
with an excess of freshly precipitated cadmium carbonate. Shako 
well and dilute the liquid to the mark. Filter through a dry filter 
reject the first 20 ml of filtrate, and titrate 100 ml with iodine solution. 
By shaking with cadmium carbonate, the sulfide and hydrosulfide are 
precipitated as yellow CdS and the thiosulfate remains in solution. 

30. Determinatioa of Sulfurous Acid 

1 1 oi 0.1 N iodine solution = = 3.203 g SO, 

The determination is based upon the following reaction; 

SO, + 2HiO + Ij = 4H+ + 21“ + SOr" 
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the sulfurous acid being oxidized to sulfuric acid. If starch is added 
to a solution of sulfurous acid, and a titrated iodine solution is run 
into it from a buret, the blue color will not be obtained until all the 
sulfurous acid has been acted upon. Bunsen, however, in 1854 showed 
that this sensitive reaction, which was first used by Dupasquier, will 
take place quantitatively according to the above equation only when 
the solution does not contain more than 0.04 per cent by weight of SO 2 . 
With greater concentrations uniform results are not obtained. 

Correci results are always obtained if the sulfurous acid is added slowly, 
with constant stirring, to the iodine solution until the latter is decolorized. 

In the analysis of sulfites, add the sulfite solution from a buret to the 
solution of iodine and hydrochloric acid. 

31. Determinafion of Formaldehyde (Formalin). Method of 
G. Romijn' 

1 1 of 0.1 N iodino eolution = = 16.01 g formaldehyde 

Principle. Formaldehyde is oxidized quantitatively to formic acid by remaining 
in contact with iodine for a short time in alkaline solution: 

HCHO + H,0 + 1, - 2HI + HCOOH 

Procedure. The aqueous solution of formaldehyde, known com- 
mercially as “ formalin,” contains about 40 per cent of formaldehyde. 
For analysis, dilute 10 ml of the formaldehyde solution to 400 ml, 
and of this 1 per cent solution, take 5 ml (= 0.125 ml of the original 
solution) for analysis. Add 40 ml of 0.1 N iodine solution, and im- 
mediately afterwards strong sodium hydroxide solution, drop by drop, 
until the color of the solution is a light yellow; allow to stand for 10 
minutes. Then make the solution acid with hydrochloric acid, and 
titrate the excess iodine with 0.1 N sodium thiosulfate solution. 

32. Determination of Ferricyanic Acid* 

1 1 of 0.1 N iodine Bolution - = 32.92 g K,Fe(CN). 

Principle. If a neutral solution of potassium ferricyanide is treated with an 
excess of potassium iodide, the ferricyanide ion is reduced to ferrocyanide ion with 
separation of free iodine: 

2K,Fe(CN)e + 2KI 2K«Fe(CN)« + la 


* Z. anal. Ckem., 36, 19 (1897). 

* Lenssen, Ann. Chem., 91, 240. Mohr., ^rid., 106, 60. 
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Lenssen titrated the liberated iodine with sodium thiosulfate, but 
the results are not concordant, because the reaction is a reversible one. 
The reaction is quantitative, however, as Mohr first showed, if the 
fcrrocyanide is removed from the solution as fast as it is formed. This 
is accomplished, according to Mohr, by adding an excess of zinc sulfate, 
free from iron, to the solution. According to the experiments of E. 
Muller and O. Diefenthaler,^ the titration should take place in a solu- 
tion which is as nearly neutral as possible, but not in one made alkaline 
by the addition of sodium bicarbonate; some NalO is formed. 

Muller and DiefenthSler’s Procedure. Weigh out 0.7 g of the ferri- 
cyanide into a glass-stoppered flask, dissolve in about 50 ml of water, 
and treat with 3 g of potassium iodide and 1.5 g of zinc sulfate free from 
iron. If an acid solution of ferricyanide is to be analyzed, carefully 
neutralize with caustic soda until barely alkaline and then made acid 
with a drop of sulfuric acid. Alkaline solutions must always be neu- 
tralized with acid. 

33. Determination of Ferri- and Ferrocyanide in the Presence 
of One Another 

In one sample determine ferricyanide iodimctrically as just described 
and in another sample determine ferrocyanide by permanganate 
titration (p. 664), 

D. POTASSIUM lODATE, POTASSIUM BROMATE, 

AND CALCIUM HYPOCHLORITE METHODS 

POTASSIUM XODATE 

Potassium iodate, KIOj, and potassium biiodate, KH(IOi)j are good oxidizing 
agents but the iodate ion has a lower oxidation potential than the other oxidizing 
agents, with the exception of iodine, which have b^n discussed up to this point, and 
iodates are expensive. The chief uses of these iodates in titration methods is as 
standards in alkalimetry, acidimetry, and iodimetry. The iodates are also useful 
for preparing solutions containing known quantities of iodine, for the reaction 
lOr + 51- + 6H^ = 31, + 3H,0 

takes place completely in the presence of sufficient iodide and acid. The iodates 
can be prepared in a very pure state and are easier to weigh out and dissolve than 
iodine. In strong hydrochloric acid, iodate is reduced quantitatively to iodine 
monocblondc, rather than to iodine. 

lor + 21“ + 0H+ + sa- x= 3IC1 + 3H:0 

The iodine monochloride is not very stable and is readily reduced to free iodine. It 
is often used as a catalyzer in o.xidation titrations; when the reducing agent is b 


Z. anorg. Chem., 1910, 418. 
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excess free iodine is liberated, and when enough of the oxidizer has been added to 
react with all the reducing agent, the iodine disappears (cf. p. 636 and below). If the 
concentration of hydrochloric acid is at least 3 N, potassium iodate can be used for 
the titration of alkali iodide, free iodine, arsenite, hydrazine, sulfuroxis acid, etc., 
in accordance with the following equations:^ 

21" + 10,- + 6H+ + 3Cr -».3IC1 + 3H,0 

2ij + lor + 6H+ + 5cr 5ia + sHjO 

2AS+-H- 4* 10," + a" + SH,0 -»2H,As 04 + ICl + 4H+ 

N2H4 + 10," + 2H+ + Cr -» N* + ICl -f 3H:0 
2HsS0, + 10," + cr -» 2S04“' 4- ICl + H2O + 2H+ 

Instead of high concentrations of hydrochloric acid, the above reactions can be 
carried out in 0.5 N sulfuric acid when potassium cyanide is added.® In this case 
iodine cyanide, instead of iodine roonochloride, is formed: 

10, + 21" + 3H+ = 3ICN + 3H2O 

DeterminatioQ of Copper with Potassium Iodate® 

L. W. Andrew* has shown that quite a number of substances capable of re* 
during iodate, such as free iodine, iodides, arsenites, and antimonites, can be titrated 
with potassium iodate very exactly, by taking advantage of the fact that, when the 
reducing agent is present in exce^, free iodine is formed which is oxidized quanti* 
tatively by more iodate, provided that the proper amount of hydrochloric arid is 
present. Copper solutions are precipitated quantitatively by potassium thiocyanate 
and sulfurous acid as cuprous thiocyanate, CuSCN, and Parr* has estimated copper 
quantitatively by titrating this precipitate with permanganate. The oxidation is 
simpler and more accurate, however, when the titration is effected by potassium 
iodate or biiodate. The reaction goes through the stage in which iodine is set free, but 
the iodine is oxidized completely to iodine chloride upon the addition of more iodate: 

(а) lOCuSCN + 14KI0, + 14Ha = lOCuSO, + 71, + lOHCN + 14KC1 + 

2H,0 

(б) 21, + KIO, + 6HC1 = KCl + 51CI + 3H,0 
and the whole reaction is 

(c) 4CuSCN + nao, + 14Ha = 4CuS0« + 7IC1 + 4HCN + 7Ka + 5H2O 

The potassium iodate solution is very stable and can be preserved for years if 
protected from evaporation. The standard solution used can be prepared by weigh- 
ing out a known amount of the pure salt and dissolving to a definite volume, or the 
solution can be standardized against pure copper, carrying out the process as m an 
analysis. A convenient concentration is mole KIO, per liter. 


® See G. S Jamieson, Volumetric Iodate Methods, New York, 1926. 

* R. Lang, Z. anorg. allgem. Chem., 122, 332 (1922); 142, 229, 279 (1925); 144, 
75 (1925). 

* Jamieson, Levy, and Wells, J. Am. Chem. Soc., 30, 760 (1908). 

‘ Ibid., 26, 756 (1903). 

« Ibid., 22, 685 (1900). 
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Procedure. To 0.5 g of the ore in a 200-ml flask, add 6-10 ml of 
strong nitric acid, and boil gently, preferably over a free flame, keeping 
the flask in constant motion and inclined at an angle of about 45®, until 
the larger part of the acid has been removed. If this does not completely 
decompose the ore, add 5 ml of strong hydrochloric acid and continue 
the boiling until the volume of liquid is about 2 ml. Now add gradually 
and carefully, after cooling somewhat, 12 ml of 18 N sulfuric acid, and 
continue the boiling until sulfuric acid fumes are evolved copiously. 
Allow to cool, add 25 ml of cold water, heat to boiling, and keep hot 
until the soluble sulfates have dissolved. Filter into a beaker, and 
wash the flask and filter thoroughly with cold water. Nearly neu- 
tralize the filtrate \sith ammonia and odd 10-15 ml of strong sulfur 
dioxide water. Heat just to boiling and add 5-10 ml of a 10 per cent 
solution of ammonium thiocyanate, according to the amount of copper 
present. Stir thoroughly, allow the precipitate to settle for 5 to 10 
minutes, filter on paper, and wash with hot water until the excess ammo- 
nium thiocyanate is removed completely. 

Place the filter with its contents in a gls^s-stoppcrcd bottle of about 
250-ml capacity, and by means of a piece of moist filter paper transfer 
into the bottle any precipitate adhering to the stirring rod and beaker. 
Add to the bottle about 5 ml of chloroform, 20 ml of water, and 30 ml 
of concentrated hydrochloric acid (the two last liquids may have been 
mixed previously). Now run in standard potassium iodate solution, in- 
serting the stopper and shaking vigorously between additions. A violet 
color appears in the chloroform, at first increasing and then diminishing, 
until it disappears with great sharpness. The rapidity with which the 
iodate solution may be added can be judged from the color changes of the 
chloroform. 

To make another titration it is not neccssarj' to w’ash the bottle or 
throw away the chloroform. Pour off two-thirds or three-fourths of the 
liquid in order to remove most of the pulped paper, too much of which 
interferes uith the settling of the chloroform globules after agitation, 
add enough properly diluted acid to make about 50 ml, and proceed as 
before. In thi'j case, whore iodine monochloride is present at the out- 
set, the cljforoform becomes strongly colorwl with iodine as soon as the 
cuprous thiocyanate is added, but this makes no difference in the results 
of the titration. 

Determination of Lead and Arsemc in Commercial 
Lead Arsenate 

Two methods for determining lead and three methods fordetermining 
arsenic in this important insecticide will be described, which arc taken 
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solution very much the same as a Utile iodine does. It is volatilized if 
the solution is evaporated too far. 

Cool the solution under running water, dilute to about 300 ml, and 
carefully add sodium thiosulfate solution until all the free iodine is 
reduced to colorless iodide, adding starch paste toward the end. At this 
dilution, the color of arsenic iodide is not apparent. To the acid solu- 
tion add 15 g of anhydrous sodium carbonate in small portions and 
titrate with 0.1 N iodine solution. One milUUter 0.1 N I 2 solution = 
0.003749 g of As. 

Remark. Inasmuch as iodine reacts with sodium hydroxide to form hypoiodite 
and iodide, it is generally recommended to finish the neutralization with sodium 
bicarbonate solution. This is unnecessary, however, because sodium bicarbonate 
is formed by the reaction between acid and the normal carbonate and as long as 
free carbon dioxide is present in the solution, there is no danger. The quantity of 
sodium carbonate added should be greater than 1 and less than 2 moles for each 
mole of sulfuric acid present, and 2-3 g of bicarbonate, formed from the normal 
carbonate, should remain unncutraiized. 

(d) Detenninatioa of Arsenic by the Distillation Method. Provide a 
250-ml distilling flask wHlh a long-stem, 60-ml dropping funnel and 
connect it to a 66-cm Liebig condenser. Connect the outlet of the 
condenser to a 500-ml Erlenraeyer flask by a short bent tube extending 
about 10 cm below the bottom of the three-hole stopper which closes 
the flask. Through the middle hole in this stopper insert a 60-cm piece 
of straight tubing so that it reaches to within about 1 cm from the 
bottom of the flask and acts as a safety tube. Through the third hole 
introduce a twdee-bent glass tube starting from just below the stopper 
and leading nearly to the bottom of a second 500-ml Erlenmeyor flask 
with a two-hole stopper. Through the second hole insert a twice-bent 
tube leading to a 250-ml Erlenraeyer flask. Place 50 ml of water 
in the first flask, 100 ml in the second, and 50 ml in the third, and sur- 
round the first two flasks with cracked ice. The third flask acts merely 
as a trap, and no arsenic chloride should reach it. 

Weigh 0.4-0.6 g of the dry powder and 5 g of cuprous chloride di- 
rectly into the distilling flask, taking care not to let any powder get into 
the distilling arm. Add 100 ml of concentrated hydrochloric acid from 
the dropping funnel and start {listilling. When the volume of liquid in 
the distilling flask has been reduced to 40 ml, add 50 ml more of acid 
and again distil to 40 ml. Finally add 25 ml more of concentrated 
hydrochloric acid and distil until only 20 ml is left in the distilling 
flask. This procedure ensures the complete volatilization of all the 
arsenic as trichloride from O.C g of commercial insecticides. 

After the distillation is completed, rinse out the connecting tubes 
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Direct titration with potassium bromate solution has been used for oxidizing triva- 
lent arsenic or antimony to the quinquevalent state and for oxidizing univalent 
thallous to trivalent thallic ions- Hydrazine is oxidized to free nitrogen as with 
iodate. Koppeschaar’s method for titrating phenols will be described below, and 
similar oxidations have been applied to the bromination of many other oi^anic 
compounds. One of the most important applications is the determination of mag- 
nesium after its precipitation with S-hydroxyquinolme (oxine). A similar titration 
can serve for any other oxine precipitate (e g , Al, Fc, Zn, Ni, Cu, Mn). 

A standard 0.1 N KBrOj solution can be eaaly obtained by dissolving 2 783 g of 
pure KBrOj in water, diluting to exactly 1000 ml in a volumetric flask, and mixing. 
Sometimes about 10 g of pure KBr js dissolved together with the bromate, but usually 
the bromide is added to the solution to be titrated. If there is any doubt about the 
purity of the potassium bromate, the solution can be standardized against arsenic 
trioxidc. 

Standardization of KBrOj against AsjOj. Weigh out to the nearest 0.1 mg about 
0 2 g of pure AsjO* (equivalent weight 49.45) into a 250-ml Erlenmeyer flask. Dis- 
solve in NajCOj solution and neutralize with HCl as described on p 591. Dilute to 
about 50 ml; add 15 ml of concentrated HCI, 0.5 g KBr, and 1 or 2 drops of 0 1 per 
cent methyl orange indicator solution. Titrate slowly with the bromate w hilc keep- 
ing the solution mixed by constant swirling. Toward the last add the bromate 
dropwiso with a few seconds’ interval between drops until the color changes sharply 
from red to colorless or pale yellow*. Mix well and add another drop of indicator to 
make sure that the end point is reached. 

Detennination of Arsenic 

1 1 of 0.1 K KBrO. = 52^’ - 2.783 g KBrO, - 4.W8 g AsiO, 

Principle. If a hydrochloric acid solution of arsenious acid is treated with potas- 
sium bromate, the arsenic is completely oxidized to arsenate. As soon as all the 
arsenic is oxidized, the next drop of potassium bromate solution causes separation 
of bromine. 

SNojIIAsOj -h KBrOj + GIICl CNaCl -f KBr -f SHjAsOj 
KBrO, + SKBr -f CIICl = CKO + 311,0 + 3Br, 

If the solution contains methyl orange it will show an acid reaction as long as 
npHinic is present, but free bromine destro>s the indicator and the solution becomes 
colorless at the end point. 


Determination of Antimony 

Pottu^sium bromate method can be used for oxidizing trivalent anti- 
mony to tlic quinquevalent state. The procetlurc i.s similar to that 
dcscril)cd for the detennination of antimony in Babbitt metal (p. Iftl) 
except that KBrO, is u=cd inMcad of lOInO,. The prc‘5cncc of methyl 
orange, which is decolorized at tlie end point, is desirable. (Cf. " Stand- 
ardization of IxBrO, solution against As:0,.’') 
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Determination of Alkali Sulfides with Potassium Bromate^ 

1 1 of 0.1 N KBtO, = ^ = 0.4260 g HiS 

HjS + 4H2O + 4Br2 = 8HBr + H2SO4 

Place the measured sample of solution in the liter bottle shown in 
Fig. 93, which is pro^dded with a ground-glass stopper carrying a drop- 
ping funnel. Add a considerable excess of 0.1 N potas- 
sium bromate solution and 3-4 g of potassium bromide. 
Evacuate the bottle with a water suction pump and 
close the stopcock. Pour hydrochloric acid in the fun- 
nel and allow it to flow into the bottle by carefully open- 
ing the stopcock. When the solution is distinctly acid, 
close the stopcock and shake the contents of the bottle. 
To effect a good oxidation, the solution should contain 
25 per cent of concentrated hydrochloric acid by vol- 
ume. At first the solution assumes a brown color, then 
the color fades but should remain distinctly yellow. A 
slight turbidity of sulfur disappears in 10-16 minutes, 
being oxidized to sulfuric acid. 

When the solution is perfectly clear, wash out the funnel with a little 
water but avoid letting air enter. Add 2-3 g of potassium iodide dis- 
solved in a little water and shake. Rinse out the funnel and titrate 
with sodium thiosulfate solution. 

If T is the volume of 0.1 N bromate solution used and t the volume 
of 0.1 JV thiosulfate, then (T — t) 0.(K)04260 g H2S is present. 

This method is a little more complicated than direct titration with 
iodine, but as the ojddation of the sulfur is from sulfide to sulfate, 

4 times as much oxidizing agent is required. The method is suitable for 
the titration of hydrogen sulfide in the presence of thiocyanate. 

Determination of Alkali Sulfide in the Presence of Alkali Thiocyanate 

The reactions involved in the method are illustrated by the follow- 
ing equations: 

, . J HjS + 4H2O + 4Br2 = 8HBr + H2SO4 

1 HCNS + 4H2O + 3Brs = H2SO4 + HCN + 6HBr 

(6) ns + 12 = 2HI + S 

In one sample determine the total sulfur content by the method just • 

• Treadwell and Mayr, Z. anorg. Chem.^ 92, 127 (1915). 
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described, and in another sample detenninc the sulfide iodimetrically 
(p. 617). If the total 0.1 N potassium bromate solution used was T ml, 
and if t ml of 0.1 N thiosulfate was used for titrating the excess and h 
ml of 0.1 N iodine solution was used for the direct titration of sulfide in 
the same weight of substance, a g, then 

[(T -i)- 4i, 10.0968 ^ 

= per cent CNS 

a 

and 

U X 0.1603 , c! / icj N 

per cent S (as sulfide) 

a 

Determination of Tin wifli Potassium Bromate' 

1 1 of 0.1 N KBrO, = ^ = S.935 g Sn 

Place 20 ml of faintly acid stannous or stannic solution (about 6 g 
of tin per liter) in a 200-ml flask, add 0.15 g of aluminum wire in short 
pieces, and allow the reaction to proceed in the cold until all the tin is 
precipitated. Add 30 ml of concentrated hydrochloric acid and 20 ml of 
water, and stopper the flask with a Bunsen valve (p. 540). Heat gently 
till all the tin has dissolved. Cool and titrate with 0.1 N potassium 
bromate solution until a permanent yellow color 
is obtained. 

3Sn++ + BrOa' + 6H+ = SHjO + Br' + 3Sn++++ 

BrOr + 5Br‘ + 6H+ = SBr^ + ZRtO 

Remark. Boiler obtained low results when testing pure 
tin. He has improved the method by adding a slight ex- 
cess of bromate, then some potassium iodide, and finally 
titrating with sodium thiosulfate- The results arc about 1 
per cent too low if air is present in the solution. Boiler 
proceeds as follows: 

Place 100 ml of 7 iV hydrochloric acid in the 
500-ml flask 6ho^vn in Fig. 94 and boil 5 minutes 
to expel air, with stopcock A open and B closed. 

Remove the flame and quickly introduce the 
weighed sample of metallic tin and a little piece of 
calcitc to furnish carbon dio»de gas. Replace the 
top piece and, uith B open, boil gently until all 
the tin is dissolved. Then close B and cool the contents of the flask 
with cold water. This produces a partial vacuum in the flask. 

* Method of H. Zschokke. Cf. Flechtcr and Mueller, Chem. Ztg., 37, 309 (1913) ■ 
St. Gy6ry, Z. anal. Chm., 32, 415 (1893). 



Pig. 94. 
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While the tin is dissolving prepare a mixture of 50 ml of 0.1 N KBrOs 
solution, 1 g of potassium bromide, and a little water. Boil 5 minutes 
to expel air. Pour this solution into the funnel of the above-mentioned 
flask and allow it to flow into the stannous solution by carefully open- 
ing the stopcock A. The stannous chloride is oxidized instantly to 
stannic salt. Rinse out the contents of the funnel with boiled water, 
add 10 ml of 5 per cent potassium iodide solution, and titrate with 
0.1 N thiosulfate. 

The tin determination as originally given by Zschokke gives good 
results if the bromate solution is standardized against tin in the same 
way that the analysis is made. 

Betermination of Thiocyanate. Method of Treadweh-Mayr 
1 1 of 0.1 N KBrOi Bolutton - = 0.9S47 g HCNS 

In acid and neutral solution thiocyanate docs not react with iodine 
but in alkaline solution the following reaction takes place: 

CNS' + 80H" + 4l2-»SOr“ + 71" + CNI + 4 H 2 O 

The reaction takes place very slowly. Oxidation is effected much more 
rapidly with a bromate-bromide solution in the presence of hydro- 
chloric acid: 

BrOa" + 5Br' + 6H+ SBr^ + SHzO 
HCNS + SBrj + 4 H 2 O -*HCN + S 04 “" + 6Br" 

/Procedure. Treat a measured volume of thiocyanate solution with 
a measured volume of 0.1 AT potassium bromate solution and 2-3 g 
of potassium bromide in the liter bottle shown in Fig. 94, p. 631. 
Evacuate with suction and close the stopcock. Introduce 30-40 ml 
of 6 JV hydrochloric acid for each 100 ml of solution without letting 
in any air. Shake well. After standing 10 minutes, rinse out the 
funnel with water and add 2-3 g of potassium iodide dissolved in a 
little water. Shake and then titrate the liberated iodine with 0.1 N 
thiosulfate. 

If T is the volume of 0.1 N bromate solution and t the volume of 
0.1 N thiosulfate, then 


, HCNS X 100 (r- 0 0.09847 , TTr-Aic 

(T — 0 per cent HCNS 

^ ^ 60,000 X a a 



633 


DETERMINATION OF MAGNESIUM 


Detennination of Phenol. Method of W. Eoppeschaar* 

' 1 1 of 0.1 N NaiSiOa = — ^ — = 1.S6S g CelhOH 

GO 

Principle. If an aqueous solution of phenol is treated with an excess of bromine, 
the phenol is converted quantitatively into tnbromophenol: 

CeHiOH 4- 3Bra = 3HBr + CeHjBr,(OH) 

The tnbromophenol is a pale yellow crystalline substance which is quite insoluble 
in water (43.7 1 of water dissolves 1 g of tnbromophenol). If, after the reaction 
has taken place, potassium iodide is added to the solution, iodine is liberated corre- 
sponding to the excess of bromine, and by titrating this iodine with sodium thiosul- 
fate solution, it is easy to find how much bromine reacted with the phenol. 

Procedure. Weigh out 5 g of phenol in a weighing beaker, dissolve 
in a little water, rinse the solution into a liter flask, and shake well. 
Of this solution, pipet off 100 ml, transfer to another liter flask, dilute 
with water to the mark, mix and transfer 100 ml of this solution to a 
stoppered bottle of about 250-ml capacity, treat with 50 ml of 0.1 iV 
KBrOa solution and 0.5 g KBr, shake, make acid with 6 ml of concentrated 
hydrochloric acid, shake again, and allow to stand 15 minutes. Then 
add 2 g of potassium iodide and titrate the liberated iodine, correspond- 
ing to the excess of bromine, ^vith 0.1 N thiosulfate solution, using starch 
as indicator. Then if t ml of the last solution is used and the weight 
of phenol was a g: 

(50 - 0 X 0.1508 , , 

per cent phenol 

Remark. This method is suitable for tbe analysis of pure preparations of phenol 
(carbolic acid) but not for crude phenol, creosote oU, etc. 


Determination of Magnesium 

S-Hydroxyquinoline reacts with 2 molecules of bromine to form a dibromo subv 
stitution product 

HO-C,H«N + 2Br, = HO C»HiBrj + 2HBr 


The graphic formula of the dibrominated product is 


Br H 
C C 


s 

c 


CH 

I 

CH 


C N 

O 

H 


‘Z. anal. Chan., 16, 233 (187G). 
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The precipitates produced with this re^nt have the general formula Me(C*HgON);, 
where n represents the valence of the cation Me. S-Hydroxyquinoline (trivial 
name, oxine) can serve for the precipitation of copper, bismuth, cadmium, aluminxun, 
and zinc in buffered acetic acid solutions and for magnesium in ammoniacal solution. 
Silver, mercury, lead, antimony, vanadium, uranium, iron, titanium, zirconium, 
tantalum, columbium, manganese, nickel, and cobalt as well as some other ions also 
give precipitates with oxine, and the recent would be used a great deal more, for 
the precipitates are easy to handle, if it were more specific in its action. It has been 
u^d a great deal for precipitating aluminum, after Group II metals have been re- 
moved and a sodium hydroade separation has been made, and for the determina- 
tion of magnesium after all other ions except the alkalies have been removed. The 
oxine precipitate can be weighed (see p. 2C0) or it can be dissolved and brominated 
by treating with a measured volume of standard ICBrOj, an excess of KBr, and hy- 
drochloric acid. After the bromination, the excess Br* (1 mole KBrOj = 6Br) can 
be determined iodimetrically by adding excess KI and titrating the liberated iodine 
with thiosulfate, or by adding a measured volume of sodium arsenite solution and 
titrating the excess with ICBrO* solution. 

Procedure, Prepare a slightly acid solution containing not more than 0 06 g 
Mg in 100 ml of solution and sufficient NH«C1 (about 0.5 g) to prevent precipitation 
of Mg(OH) j. Large quantities of ammonium salt interfere with the oxine precipita- 
tion. Heat to about 65®, and add 1 ml of oxine reagent for each 5 mg of Mg probably 
present and, in every case, 7 ml in excess. (To prepare the reagent, dissolve 25 g 
of the solid oxine in 50 ml of glacial acetic acid, pour the solution into 950 ml of water 
which has been heated to 60®, cool, and filter.) Slowly add 6 N ammonia solution 
to a distmctly ammoniacal reaction. If an excess of the reagent is present, the color 
of the solution will now be yellow. Let the precipitate settle, filter through paper, 
and wash the precipitate with cold, 0.35 N ammonia water'. Dissolve the washed 
precipitate in hot 2 N HCI, and catch the solution, as it runs through the filter, in a 
250-ml glass-stoppered bottle. Wash with the same acid until the waslungs are 
colorless. Dilute with the same acid to 60 ml; add 1 g of KBr and 2 to 4 drops of 
methyl red indicator solution. Titrate slowly, while keeping the solution in motion, 
until the color changes from red to yellow. Stopper the flask, allow to stand 2 
minutes, add 1 g of KI, and titrate the liberated ioioe with standard sodium thio- 
sulfate solution. 


Calcium Hypochlorite Method 

Kolthoff and Stenger' have proposed the use of calcium hypochlorite solution 
as a standard oxidizing agent. The aqueous solution can be kept in dark glass 
bottles for some time without much change in titer. 

Preparation of Approximately 0.1 N Solution. Add about 10 g of a good brand 
of commercial “ chloride of lime ” to 250 ml of distilled water, mix well, and filter. 
Dilute the filtrate to about 1 1. The foimation of a turbidity of CaCOi on standing 
does no harm. 

Standardization against Arseitic Trioxide. As indicator use a 0.2 per cent solu- 
tion of Bordeaux (British Color Index No. 88). Pipet off 25 ml of standard 0.1 N 
sodium arsenite solution; add 1 g of ICBr and 0.5 g of NaBCOj. Titrate with the 
hypochlorite solution fairly rapidly until within a few milliliters of the expected end 


* Ind. Eng. Chem., Anal. Ed , 7, 79 (1935). 
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point. Add 1 drop of the indicator solution and titrate very slowly, while rotating 
the flask, until the color of the indicator fades. Add another drop of indicator, and 
if this does not fade also, add more hypochlorite until the color changes quickly 
from pink to colorless or light yellow. As indicator correction, subtract 0.03 ml of 
0.1 N hypochlorite solution for the oxidation of each drop of indicator used. 

determination op ammonia in AMMOKItTM SULFATE 
The reaction 

2NHa + 3BrO‘ = N* + SBr" + 3HiO 

takes place rather slowly. It is best to add an excess of hypochlorite, then an excess 
of arsenite solution, and finish by titratmg with hypochlorite as above. 

Procedure. Dissolve about 1 g of ammonium sulfate (weighed to four significant 
figures) in water and dilute to exactly 250 ml in a volumetric flask. Mix well and 
pipet off 25 ml of the solution Tothisadd Igof ICBrandOSgof NaHCOj. Ti- 
trate nith 0 1 hypochlorite until a permanent light yellow color is obtained which 
indicates an excess of hypobromite. After waiting 5 minutes, add from a pipet 
exactly 10 00 ml of 0 01 ^ sodium arsenite solution; add 1 drop of Bordeaux indica- 
tor, and titrate with hypochlorite as in its standardization, 

E. CERIC SULFATE METHODS 

Cerium forms colorless cerous salts in which it has a valence of 8 and yellow or 
orange ceric salts in which it has a valence of 4. Cerous salts can he oxidized to 
ceric salts in acid solutions (a) by heating with lead dioxide and 5 N nitric acid, (b) 
by heating with ammonium persulfate, (c) by electrolysis, and (d) by sodium bis- 
muthate. 

2Ce+++ + PbOj + 4H+ = 20++++ + + 2H,0 

2Ce-^ + SjOr* * 2Ce-^* + 2SOr‘ 

Ce+++ = Ce-*-*^ + c 

2Ce+++ + NaBiO, + 6H+ = 2Ce-'^ + Na-*- + Bi-^ + 3HjO 

As a result of the oxidation, the colorless cerous solution becomes yellow or orange. 
If a solution of a cerous salt is treated with an excess of alkali hydroxide and chlorine 
gas is led through the solution, the white cerous hydroxide, Ce(OH)i, which forms 
when the solution is made basic, is changed to light yellow ceric hydroxide, Ce(OH)<. 
The precipitate of ceric hydroxide dissolves in nitric acid yielding a red solution, 
but when acted upon by hydrochloric acid, colorless cerous chloride is formed and 
chlorine is evolved as a result of the oxidation of some of the hydrogen chloride. 

The normal potential corresponding to the reaction Ce"'"'"'’ = Ce''"'^ -f c is 
+1.45 volts. If we compare this with the reaction + 4HjO = MnOi" + 
8II+ + 5c which has a normal potential of +1.52 volts and with the reaction 2Cr-^ 
+ 7ILO = CrjOi” + G« which has a normal potential of +1.3 volts, we see that 
ceric sulfate is a stronger oxidizing agent than potassium dichromate and is nearly 
as strong aa potassium permanganate. Ceric sulfate solutions are less sensitive to 
hydrochloric acid than are solutions of potasriura permanganate, and there is but 
one possible reduction product. The oxidation potential varies with the char- 
acter of the anion present. The above value 1.45 holds in sulfate solutions. It is 
1.23 in chloride solutions, 1.61 in the presence of nitrate, and 1.70 for perchlorate. 
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It is far more convenient to use pure ceric ammonium sulfate, 
Ce(S04)2'2(NH4)2S04-2H20, which can be purchased from dealers 
in chemicals and has the high molecular weight of 632.5. Weigh out 
approximately 65 g of the salt, add 500 ml of 2 iV sulfuric acid, and stir 
till all the solid has dissolved. Dilute to about 1 1, mix well, and keep 
in a glass-stoppered bottle. 

Standardization. Sodium oxalate, arsenic trioxidc, or iron wire can be used for 
standardization. The reactions with oxalate and trivalent arsenic are slow, and the 
presence of a catalyst is desirable. For this purpose a little iodine monochloride is 
recommended for the oxalate titration and some osmium tetroxide, OsO«, for the 
arsonite (3 drops of a solution obtained by dissolving 0 25 g OsO^ in 100 ml of 0.1 N 

HjSOd. 

(a) Against Arsenic Trioxide. Weigh out 0.15-0.22 g of pure AS2O3 
into a 250-ml Erlenmeycr flask, add 15 ml of 2 NaOH, and heat 
gently to hasten the dissolving. When all the white powder has dis- 
solved, cool to room temperature; add 25 ml of 6 AT H2SO4, 3 drops of 
0.01 M OsOi solution (sec above), and 1 or 2 drops of ferrous phenan- 
throlinc indicator (1.5 g of o-phcnanthrolino monohydrato in 100 ml of 
frc.shly propanxl 0.025 M ferrous sulfate solution). Titrate with 
approximately 0.1 N eerie ammonium sulfate solution until the reddish 
orange color of the indicator changes to colorless or very pale blue. 

(b) Agavist Pure Iron. Weigh out accurately duplicate portions of 
about 0.25 g of iron uiro (specially prepared for standardization) into 
100-ml beakers; add t.o each 5 ml of water and 10 ml of concentrated 
hydrochloric acid. Heat gently until all the metal has dissolved. 
Unless particular precautions arc taken to avoid o.xidation (see p. 539) 
the solution will show a slight yellow color, duo to the formation of a 
little ferric chloride as a result of atmospheric oxidation; hydrochloric 
acid alone can only oxidize iron to the ferrous state. To convert all 
the iron to the ferrous condition, carefully add stannous chloride solu- 
tion (see p. 5-15) until the hot solution no longer shows any yellow color, 
but avoid adding an excess of the reagent. Cool by placing the beaker 
in running water, transfer to a 400-raI beaker, dilute to 150 ml, and add 
10 ml of mercuric chloride solution (cf. p.545). A white, silky precipitate 
of mercurous chloride should be formed. If the precipitate is dark in 
color or is bulky, it is bc.st to throw the solution away and start again. 
To the ferrous solution add 10 ml of phosphoric acid, d 1.37, and 0.3 ml 
of 0.01 M diphonylaminc sodium sulfonate. (To prepare this indicator 
solution, disi^olve 0.32 g of the barium salt in 100 ml of water, add 0.5 g 
of solid sodium sulfate, stir well, and allow the barium sulfate precipitate 
to settle. ncc.ant off tlic clear solution.) One or two drops of ferrous 
o-phenanthroline indicator solution can be used instead of l!io diphenyl- 
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amine sulfonate. Titrate with the ceric sulfate solution until the solu- 
tion assumes a distinct purple tint. The reaction between the indicator 
and the ceric sulfate is rapid but not instantaneous; the reagent should 
be added slowly toward the last. 

T’e++ + Ce++++ -♦ Fe+^ + Ce+++ 


Determination of Iron in an Iron Ore 

Dissolve 0.25-0.30 g of the powdered ore by heating gently with 20 ml 
of 6 iV hydrochloric acid exactly as described on p. 581. After the reduc- 
tion with stannous chloride and treatment with mercuric chloride, 
add 10 ml of phosphoric acid, d 1.37, and 0.3 ml of 0.01 M diphenyl- 
amine sodium sulfonate indicator solution. Titrate with ceric sulfate 
solution as just described for the standardization of the solution against 
pure iron. 

Ceric sulfate can be used for many other oxidations. It oxidizes 
hydrogen perojdde, nitrous acid, hydrazine, hydroxylamine, hydrazoic 
acid, tartaric acid, oxalic acid, anthracene, sodium thiosulfate, sulfurous 
acid, and hypophosphorous acid as well as many other substances. 
Some of these reactions can be utilized for various titrations. Thus the 
oxidation of the oxalate ion can be used not alone for standardizing the 
ceric solution but also for determining cations like calcium, strontium, 
and lead which form insoluble oxalates. All the filtered precipitates 
yield oxalic acid, when digested with dilute acid, and the oxalic acid can 
be titrated wth ceric sulfate. 

Oxidation-Reduction Indicators 

In the sections on potassium dichromate and ceric sulfate methods, the use of 
oxidation-reduction indicators (or redox indicators, as they are sometimes called) 
was advocated. Their action is in many respects comparable to that of acid-base 
indicators The oxidation-reduction indicators are organic compounds which 
change color when oxidized or reduced. This change in color takes place at definite 
oxidation potentials. The indicator reaction can be expressed by the reversible 
equation 

Jqx + ne i=i /Bed 

where /ox represents the oxidized form and /ned is the reduced form. The action of 
the indicator does not depend upon the specific nature of the oxidant or reductant 
but upon the relative oxidation potentials of the indicator and of the system titrated. 
Thus, for titrations of a ferrous salt with ceric sulfate, the indicator used should be 
chosen so that the indicator will not change color until all the ferrous salt has been 
oxidized, and the oxidation potential of the indicator reaction must lie between that 
of the ceric sulfate and that of the ferrous solutions. The oxidation-reduction 
indicators which are most used in common titrations are diphenylamine, diphenyl- 
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benzidine, dipbenylamine sulfonic acid, and pbenanthroline-ferrous ion. Quite a 
number of other substances have been proposed and are now being studied. 

Diphenylftmine and diphenylbenzidine have been used widely. Both these com- 
pounds are sparingly soluble in water, and the indicator solutions are prepared by 
dissolving 1 g in 100 ml of concentrated sulfuric acid, A few drops of either solution 
suffices for a titration in a volume of 200-300 mb Upon oxidation, dipbenylamine, 
C»Hi-NII C«Hj, is changed to diphenylbenzidine, (Cells-NH-CiHOi. This reaction 
is not reversible, and both substances are colorless. Diphenylbenzidine is oxidized to 
a violet oxidation product called diphenylbenzidine violet, 

C»H.N£;,H4AH4:N-C*H» 

The normal oxidation potential of this reaction is +0.70 volt. These indicators 
can be used in titrations with permanganate, ceric sulfate, dichromate, and vana- 
date against ferrous sulfate, but the diphenylbenzidine violet is not stable toward 
oxidizing agents and is slowly but irreversibly oxidized further. The slight solubili- 
ties in water and the fact that they cannot be used in the presence of tungstate are 
handicaps. On the other hand, diphenylamine sulfonate is much more soluble in 
water and can be used in the presence of tungstate. 

Diphenylamine sulfonic acid (c(. p. 578) pves a green color with ferrous salts which 
is probably caused by a combination of unoxidized dipbenylamine sulfonic acid with 
some of tho violet oxidation product. The violet color does not appear until all 
ferrous salt >3 oxidized. The oxidation of the indicator requires an appreciable 
quantity of 0.01 N oxidant, but the indicator correction is small in the case of 0.1 N 
solutions. The color change in titrating ferrous salts is sharp, but the reddish oxida- 
tion product is slowly decomposed on standing and the tint does not increase upon 
addition of excess oxidant. The color change is explained ns in the case of diphenyl- 
bcnzldlnc (see above). 

PheaaathroUne-Ferrous Ion. The organic base o*phcnanthroUne, C«n*N», 
dissolves easily in solutions of ferrous salts forming a red complex cation 
Fc(CniriNi)i'^ of an intensely rod color; strong oxidizing agents convert this ion to 
pale blue FcCCuHiNi)*'*’*'*'. Tlic ferrous complex is decomposed slowly by strong 
acids or by salts of Co+*, Cu"*^, Ni**, Zn*\ or Cd^ which also form complexes with 
phcnanthrolinc. The blue oxidized form rcrists further oxidizing action. The color 
change of red to blue U revcrrililc. To prepare the indicator solution dissolve 1.48 g 
of o-phcnanthroline in 100 ml of 0 025 N ferrous sulfate solution. The indicator can 
al«o be purchased under the name Ferroin. Tlic color change takes place when 00 per 
cent of the indic.ator has been oxidized and the oxidation potential is about 1 .20 volts 
which is much higher than in the cxsc of the above-mentioned indicators. This 
indicator b very useful in titrations with eerie sulfate of solutions containing ferrous 
iron, fcrrocyanido, vanadyl salt, etc., but with dichromate titrations the diphenyl- 
amine sulfonate is better. The present cost of o-phenanthroline is about$2,00agram. 



CHAPTER XVI 
REDUCTION METHODS 
1. Determination of Ferric Iron (Fresenius)^ 

Strictly speaking, all the iodimetric methods in which a reduction is 
accomplished mth potassium iodide and acid, are reduction methods. 

In methods thus far discussed, except in iodimetry, it was necessary to 
reduce the iron to the ferrous condition before it could be determined 
volumetrically. In the following method, first suggested by Penny and 
Wallace, 2 but improved by Fresenius, the iron in the ferric condition 
may be determined with accuracy and rapidity. 

The hydrochloric acid solution containing ferric chloride is titrated 
hot with stannous chloride solution until the former becomes colorless. 
By this means the ferric salt is reduced to ferrous salt: 

2 FeCl 3 + SnCU = SnCU + 2FeC]2 

Inasmuch as it is not very easy to determine the end point with 
accuracy, because the last part of the iron is reduced very slowly, it is 
customary to run over the end point and to titrate the excess of the 
stannous chloride with iocfine solution. 

Solutions Required. 1. A Ferric Chloride Solution Containing a Known Amount 
of Iron. Dissolve exactly 10.03 g of pure iron wire in ISO ml of 6 iV hj^drochloric 
acid in a long-necked flask held in an inclined position; oxidize the iron with potas- 
sium chlorate, and boil off the excess of chlorine. Transfer the ferric chloride 
solution to a hter flask and dilute to the mark with water; 60 ml of this solution 
contains 0 5 g of pure iron * 

2. A Stannous Chloride Solution. Heat 25 g of tinfoil in a covered porcelain 
dish for 2 hours on the water bath with 60 ml of 8 ^ hydrochloric acid and a few 
drops of chloroplatinio acid to form a Pt-Sn couple which helps dissolve the tin. 
Add 150 ml more of hydrochloric add and an equal volume of water, filter, and 
dilute to 1 I. As stannous chloride is oxidized by contact with the air, keep the 
solution in a flask which on one side is conuected with the buret as shown in Fig. 
81, p. 485, and on the other side with a Kipp carbon dioxide generator. 

3. An Iodine Solution, Approrimately Tenth-Normal. 


* Z. anal. Chem , 1, 26. 

* Dinglers Polytech. J , 149, 440. 

* The assumption being made that the iron wire contained 99.7 per cent pure iron. 
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(а) standardization of ike Solutions. First titrate the stannous 
chloride and iodine solutions against each other. Measure out 2 ml 
of the former wth a pipet, dilute to about 60 ml, add a little starch 
solution, and titrate the mixture vdth iodine until a blue color is obtained. 

Next, titrate 50 ml of the acid ferric chloride solution against the 
stannous chloride solution. 

(б) Determination of Iron in Hematite. Roast 5 g of the finely divided 
ore at a dull red heat to destroy any organic matter which may be present, 
place the powder in a long-necked flask, and heat with 25 ml of concen- 
trated hydrochloric acid and a little potassium chlorate until all the iron 
oxide is dissolved, leanng a white sandy residue. Add 20 ml more 
of hydrochloric acid and continue the boiling, while passing a current 
of air through the solution, until all the excess of chlorine is completely 
removed and the escaping vapors will no longer set free iodine when 
passed into a potassium iodide solution. Dilute the solution thus 
obtained to exactly 500 ml and use 50 ml for the analysis. 

Example 

1. Slandardizalion of the Iteagenti- 

2 ml of Btannous chloride Bolution requires 7.2 ml of Iodine 


solution, 1 ml iodine solution *» 0.278 ml SnCli 

60 ml ferric chloride solution ( “ 0.5 g iron) requires for de- 

colorizatlon 30.ai ml SbCli 

and for the titration of the excess 061 ml of Iodine solution 

- 0 51 X 0.2S 0.14 ml SnCU 

Consequently, 50 ml ferric chloride solution » 0.5 g iron .... 30.20 ml SnCl, 

and 1 ml SnCli =* ^ = 0.01G5G g Fe. 

2. Titration of the Solution to Be Analysed: 

50 ml (» 05 R of iron oro) requires ISOOmlSnCl, 

and for the titration of the excess, 0G4 mlof iodine = 004 X 

- 0.18 ml SnCT, 

BO that 0 5 g of ore corresponds to 18 78 ml SnCl» 

and contains, therefore, 18.78 X 0 01650 = 0 3110 g Fe » 62.20% Fe 


2. Determination of Tin by Ferric Chloride* 

Tills method is suitable for detennining tin in tin-plating batlis. It 
is included licrc becnu.'« it is the reverse of tlic procedure just described. 

Principle. WTicn a ferric chloride solution is added to a solution containing 
stannous chloride it is decolorucd, then a pole greenish ferrous solution is obtained 


‘ Method of 0. Mcistcr. 



CHAPTER XVI 
REDUCTION METHODS 
1. Determination of Ferric Iron (Fresenius)* 

Strictly speaking, all the iodimetric methods in which a reduction is 
accomplished with potassium iodide and acid, are reduction methods. 

In methods thus far discussed, except in iodimetry, it was necessary to 
reduce the iron to the ferrous condition before it could be determined 
volumetrically. In the following method, first suggested by Penny and 
Wallace,* but improved by Fresenius, the iron in the ferric condition 
may be determined with accuracy and rapidity. 

The hydrochloric acid solution containing ferric chloride is titrated 
hot with stannous chloride solution until the former becomes colorless. 
By this means the ferric salt is reduced to ferrous salt: 

2FeCl3 + SnCIj = SnCU + 2FeCU 

Inasmuch as it is not very easy to determine the end point with 
accuracy, because the last part of the iron is reduced very slowly, it is 
customary to run over the end point and to titrate the excess of the 
stannous chloride with iodine solution. 

Solutions Required. 1. A Ferric Chloride Sduiion Containing a Known Amount 
of Iron. Dissolve exactly 10.03 g of pure iron wire in 150 ml of 6 ^ hydrochloric 
acid in a long-necked flask held in an inclined position; oxidize the iron with potas- 
sium chlorate, and boil off the excess of chlorine. Transfer the ferric chloride 
solution to a liter flask and dilute to the mark with water; SO ml of this solution 
contains 0.5 g of pure iron.* 

2. A Stannous Chloride Solution. Heat 25 g of tinfoil in a covered porcelain 
dish for 2 hours on the water bath with 50 ml of 8 .W hydrochloric acid and a few 
drops of chloroplatinic acid to form a Pt-Sn couple which helps dissolve the tin. 
Add 150 ml more of hydrochloric acid and an equal volume of water, filter, and 
dilute to 1 1. As stannous chloride is oxidized by contact with the air, keep the 
solution in a flask which on one side is connected with the buret as shown in 

81, p. 485, and on the other side with a Kipp carbon dioxide generator. 

3. An Iodine Solution, Approximately Tenik-Normal. 


> Z. anal. Chem., 1, 26. 

* Dinglers Polytech. J., 149, 440. 

• The assumption being made that the iron wire contained 99.7 per cent pure iron. 
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(а) Standardization oj the Solutions. First titrate the stannous 
cliloride and iodine solutions against each other. Measure out 2 ml 
of the former mth a pipct, dilute to about 60 ml, add a little starch 
solution, and titrate the mixture wth iodine until a blue color is obtained. 

Next, titrate 50 ml of the acid ferric chloride solution against the 
stannous chloride solution. 

(б) Determination of Iron in Hematite. Roast 5 g of the finely divided 
ore at a dull red heat to destroy any organic matter which may be present, 
plocc the powder in a long-necked flask, and heat with 25 ml of concen- 
trated hydrochloric acid and a little pota^ium chlorate until all the iron 
oxide is dissolved, leaving a white sandy residue. Add 20 ml more 
of hydrochloric acid and continue the boiling, while passing a current 
of air through the solution, until all the excess of chlorine is completely 
removed and the escaping vapors will no longer set free iodine when 
passed into a potassium iodide solution. Dilute the solution thus 
obtained to exactly 500 ml and use 50 ml for the analysis. 

Example 

1. Sianrfardualwn ofthe Rtagcnlr 

2 ml of stannous chloride solution requires 7.2 ml of Iodine 


solution. 1 ml iodine solution b 0.278 ml SnClt 

60 ml ferric chloride solution ( * 0.5 g iron) requires for do- 

colorization 30.34 ml SbClt 

and for the titration of the excess 0.61 ml of iodine solution 

- 0 51 X 0.2S O.U ml SnCh 


Consequently, 50 ml ferric chloride solution *» 0.5 g iron .... = 30.20 ml SnCI* 
0.5 

and 1 ml SnCIi = = 0 01G56 g Fc. 

2. TUration of the Solution to Be Analyxd: 

60 ml (•• 0 6 g of iron ore) requires 18 00 ml SnCli 

and for the titration of the excess, 0 G4 ml of iodine « 0 04 X 

0-2S « O.IS ml Sng, 

80 that 0 5 g of ore corresponds to 18.78 ml SnCh 

and contains, therefore, 18.78 X 001C50 = 03110gFe = 62.20% Fe 


2. Determination of Tin by Ferric Chloride’ 

Tills method is suitable for determining tin in tin-plating batlis. It 
is included Iicre bec.au.<5c it is the reverse of the procedure jast de.scribcd. 

Prinriple. \Slien a ferric cWoridc solution is added to a solution containing 
stannous chloride it is decolorized, then a pale greenish ferrous Bolulion is obtained 


* Method of O. Mcistcr. 
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and finally, when an excess of ferric chloride is present, a yellowish tint is easily 
recognized as the end point. If, when the titration is made in this way, so much 
pale green ferrous salt is formed that the end point is hard to recognize, this difiiculty 
can be overcome by first oxidizing the greater part of the tin with normal potassium 
chlorate solution. 


SnCl, + 2FeGlj = SnCh + 2FeCl2 
SSnClj + KClOj 4- 6HCI = SHjO + KCl + SSnCl, 


Requirements. 1. Normal potasMum chlorate solution. Dissolve 20.43 g of 
pure potassium chlorate, dried at 120% in a little water and dilute with water at 
20® to 1 1. 

2. Normal ferric chloride solution. Dissolve 56 g of pure iron in 600 ml of 6 W 
hydrochloric acid. Heat toward the last, and gradually introduce 20 g of potasaum 
chlorate. Boil till all the excess chlorine is removed, dilute to about 900 ml, filter 
if necessary, and dilute to exactly 1 1 at 20®. 


Standardization of the Ferric Chloride Solution and Simultaneous 
Determination of the Tin Content of a Solution. Transfer 25 ml of the 
tin solution, ■which should contain about 30 g of tin in 300 mi of 6 iV 
hydrochloric acid, into a 200-ml flask held in an inclined position. Add 
0.3 g of aluminum powder, which will cause the precipitation of metallic 
tin. After the evolution of hydrogen ceases, add 20 ml of concentrated 
hydrochloric acid, place a small funnel in the neck of the flask, and heat 
till all the tin is dissolved again. Kinse out the funnel and the neck of 
the flask ■with hot water and run in ferric chloride solution from a buret 
into the boiling solution until the greenish yellow end point is obtained. 
Call the volume of ferric chloride solution T. 

Reduce another portion of the tin solution in exactly the same 
way but instead of adding ferric chloride solution, first oxidize the 
greater part of the tin with < ml of iV potassium chlorate solution 
and finish with U ml of the ferric chloride solution. E'vidently T ~ U 
ml of the ferric chloride solution is equivalent to i ml of iV potas- 


sium chlorate and 1 ml of FeCU solution = - ■ == / ml of iV solution 

2 — ii 

~ f X 0.05935 g of Sn. The tin content of the original solution is then 


T X / X 59.35 


g Sn per liter 


25 
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3. Detennination of Ferric Iron by Means of Titanous Chloride 
(Knecht and Hibbert)^ 

Fe 

1000 ml of 0.1 N TlCl* eoluttoa “ ^ S Fe 

Principle. If an acid solution of a ferric salt is treated with titanous chloride, 
the iron is immediately reduced in the cold to the ferrous condition: 

FeCl, + Tia* = Tja, + FeCl, 

Preparation of Titanous Chloride Solution. A concentrated solution 
of titanous chloride, prepared by the electrolysis of TiCb, can now 
be obtained on the market. To such a solution add an equal volume of 
concentrated hydrochloric acid, boil to expel any hydrogen sulfide, and 
dilute wth 10 times as much boiled water. 

Preserve the solution in contact with an atmosphere of hydrogen, 
or carbon dioxide, in a bottle such as is shoum in Fig. 81, p. 485, which 
is connected with a buret, and in this case with a ICipp hydrogen, or 
carbon dioxide, generator instead of the soda-lime tube. 

Standardization of the Titanous Chloride Solution. Prepare a ferric 
chloride solution of known strength as described on p. 040, and of this 
solution measure out 50 ml into a beaker, and slowly add the titanium 
trichloride with constant stirring, while a current of carbon dioxide 
is constantly being passed into the beaker. After the solution is nearly 
decolorized, introduce a drop of potassium thiocyanate solution, and 
continue the adding of titanous chloride to the disappearance of the red 
color. 

The analysis proper is carried out in exactly the same manner. 

4. Determination of Ferrous and Ferric Iron by the Titanium Method 

First titrate the ferrou-s iron with permanganate in the presence of 
manganoiLs sulfate (cf. p. 645), and then determine the total iron with 
titanoiLS chloride. 

Tlic method can be carried out verj' rapidly, and the results are 
accurate. 

6. Determination of Hydrogen Peroxide* 

If titanous chloride is nin into an acid solution of hydrogen peroxide, 
the latter is colore<l fir^t yellow, then a deep orange, and ns soon as the 

* Itrr., 3G, 1551 (1003). TiCli is n wry efficient nducinR agent and hju been 

aoCTl for mmy detennination.-*. Cf. Knecht and Ilibbcrt, A'nc Hfduction MtlhocU 
in Vofumetne Ixjngman.i, Green & Co. 

* Knecht and Ilibbcrt, foe oi. 
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maximum depth of color is produced, it begins to fade upon the further 
addition of titanous chloride until finally the solution becomes colorless, 
whicli is taken as the end point. 

The reaction takes place in two stages: 

2riCh ri- SHjOa + 2 H 2 O - 2HsTiOi + GHCl 
HaTiO^ + 2TiCl3 + OHCI = STiCI* -f- 4HaO 
or combining the two equations: 

2TiClj + HiOz 4- 2HCI = 2TiCl4 4 2 H 2 O 

On account of the fact that the reducing value of the titanous chloride 
solution is not very permanent, it should be standardized against ferric 
chloride before each series of experiments. 

If i ml of titanous chloride solution of which 1 ml — a g Fe was 
required for the reduction of 1 ml of hydrogen peroxide, then 

^^‘ 111 ^ ® HjOa is present « 30.46 at per cent HgOa 

If it is desired to express the percentage in percentage by volume of 
active oxygen (cf. p. 562) the following equation holds: 

10030 ♦ at » per cent oxygen by volume 

Aceor^ng to Knecht and Hibbert,‘ persulfuric acid may likewise be 
estimated by titration with titanous cldoride. The solution of the per- 
sulfate is treated with titanous chloride solution, and the excess of the 
latter is titrated with ferric chloride in an atmosphere of carbon dioxide. 

6. Detenmnation of Hypochlorous Acid by Means of Arsenious Acid 
1 1 of 0.1 N NajHAsO* soJutJon » 3.546 g cUoiine 
(a) M ethod of Penot^ 

On adding an arsenite to a solution of a hypochlorite, the fojmer is 
oxidized to arsenic acid, while the latter is reduced to chloride: 
HAsOr~4 CIO' HAsOr' 4 Cl" 

The end point is reached when a drop of the solution added to a 
piece of iodo>starch paper will cause no blue coloration. 

Alkali hypochlorites and chloride of Hme may be analyzed by this 
method, and the results obtained are more reliable than those obtained 

»Kneehfc and Hibbert, Ber., 38, 3324 <1905). 

» J. prakt. Chem., 54, 59 (1851). 
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by the iodimctric method described on p. GOl, for the presence of 
chlorate has no effect in tiiis case. 

(6) Method of Pontius 

1 1 of 0.1 N Id solution « 2.767 g ICI 3.546 g of chlorine 

This mothotl is u.<=eful for the determination of the available chlorine 
in bleaching powder and depends upon the fact that potassium iodide 
is immediately oxidized to iodatc by contact with bleaching powder in 
the presence of sodium bicarbonate solution. 

SCaOCIj + la = KlOa + SCaCl- 

If pota.s5ium iodide solution is added to sodium bicarbonate solution 
containing bleaching powder and starch paste, a permanent blue color 
will not bo obtained until all the bleaching powder has been decomposed. 
Then free iodine is formed and the end point is reached. 

lOa' 4- 5r + GCa-H- -f- CIICO,’ GCaCOj + SHjO + 

From thc.«c equations it is clear that in this procedure the normal solu- 
tion of potassium iodide contains only % mole of the salt instead of 
1 mole. 

Procedure, Triturate 7.092 g of chloride of lime in a porcelain 
mortar with a little water, rinse into a liter measuring flask, and fill 
to the mark with water. Mix thorouglily and without allowing any of 
the precipitate to settle, transfer with a pipet 50 ml of the liquid to 
a beaker, add 3 g of sodium bicarbonate, and titrate with iV/10 po- 
l.T.s.*.ium iodide until a permanent blue is obtained with starch paste as 
indicator. In this ca-^c the volume of iodide used is tlic same ns the per- 
centage of available chlorine in the sample. 

Remark. Pontius recommends stanthrihring the potassium iodide solution as 
folloy: Titrate M ml of the chloride of lime ru«i»cnrion as obove and another 
iwrtion ttitli 0.1 ,V anwnitc fcolution by the precedinR method of Penot. 
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PRECIPITATION METHODS 
1. Detemimation of Silver. Method of Gay-Lussac 

This exceedingly accurate detenmnation, which is extensively used 
for testing silver alloys, depends upon the precipitation of silver chloride 
from nitric acid solution. Common salt is used as the precipitant. 

Solutions Required. 1. Sodium Chloride Solution of Known Concentration. 
For convenience, it is customary to make the solution of such 'a strength that 1000 
ml corresponds to exactly 6 g of silver. To hdp in getting the end point, however, 
0.1 per cent less than the theoretical quantity is used. Weigh out 2.710 g of chem- 
ically pure salt, dissolve in distilled water, and dilute to 1 1 at 20*. 

2. Decimal Solution of Sodium Cktoride. Dilute 100 ml of the above solution 
with distilled water to 1 1. 

la laboratories where silver determinationa are frequently made, the above solu- 
tions are made up in much larger quantities and kept in bottles similar to the one 
shown in Fig 81, p. 485. For the stronger solution use a 100-ml pipe! and connect 
the decimal solution with a buret. 

Standardization of the Sodium Chloride Solution. Weigh out exactly 
0.5 g of chemically pure silver into a 200-ml flask provided with a 
well-ground glass stopper, and dissolve in 10 ml of 6 A" nitric acid, 
free from chlorine. Hasten the dissolving by heating on a sand bath. 
When the silver has dissolved, heat the solution to boiling to expel 
the nitrous acid formed. Remove the brown vapors by blowing air 
into the flask. As soon as no more of these are formed, remove the 
flaf^k from the sand bath and allow to cool. To the silver solution add 
exactly 100 ml of the stronger salt solution, stopper the flask, and 
shake vigorously until the precipitated silver chloride collects together, 
and the supernatant liqmd appears clear. 

As the salt solution was made up a little weak, the precipitation of 
the silver is not quite complete and consequently more sodium chloride 
must be added. For this purpose add half a milliliter of the decimal 
salt solution from the buret, so that the solution runs down the sides 
of the flask upon the surface of the liquid, causing a distinct cloud of 
silver chloride to be formed. Shake the liquid, allow the precipitate 
to settle, again treat with half a milliliter of the decimal salt solution, 
and repeat the process imtil finally the addition of the salt solution fails 
618 
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to produce any further turbidity; the last half cubic centimeter is not 
tised in the calculation. 

Example. 0.5 g of chemically pure silver fS88 fine) required 100 ml of the 
standard salt solution + 1 ml of the decimal solution, i e., lOO.I ml of the salt 
solution corresponds to 1000 silver;' tins is the value of the salt solution. 

Silver Determination. To obtain absolutely accurate results it is 
necessary to employ the same amount of silver for the analysis as was 
used in the standardization of the solution; consequently the approxi- 
mate amount of silver present in the alloy must be determined. This 
can be accomplished by cupellation, or volumetrically by the method 
of Volhard, described further on. 

Example. It was foimd by cupellation that an alloy contained about -iVinf fine 
silver; for the titration an amount must be taken which will contain 0.5 g of silver; 
we have then, 0 5/0.8 = 0 625 g. 

Weigh out, therefore, 0 625 g (= 1250) of the alloy* and proceed exactly as in 
the standardization. 

For the precipitation of the silver, 1250 parts of alloy requires 100 ml 
of the standard salt solution + 3 ml of the decimal solution, i.e., 1250 
parts of the alloy requires 100.3 ml of the standard salt solution. Since 
100.1 ml of this salt solution corresponds to 1000 parts of pure silver, 

there must = 1002 parts silver in 1250 parts of alloy; 

so that in 1000 parts of the alloy there will be * 801.6 

parts of silver. 

This procedure is designated as the French method in contrast to 
the German or Dutch metliod. In the latter case, 0.5 g of the alloy 
(= 100) is weighed out and the same amount of silver is added which 
the alloy lacks in fineness. In this way one more weighing is necessary, 
but the calculation is somew'hat simpler. 

Example. By cupellation an alloy is found to contain iWn Bilver. In order 
to make tlio silver equal 1000, 200 parts of fine silver must be added. For the 
analysis, therefore, 0 5 g of the alloy and O.l g of pure silver (» 200) are taken 
dissolved in nitric acid, and titrated with sodium chloride 

2. D'etennination of Silver. Method of Volhard 
1 1 of 0.1 IV KC.\S - ^ = 10 79 g As 

If alkali t hiocyanate is added to a solution containing both silver and 

> For convenience in enlculalion, 0,5 g of pure silver U designated by 1000 0 25 ■. 
by 500, and 0.1 g by 250, etc. ’ ® 

MfOSg “ 1000, then 05 : 1000 « 0023 :z; z « 1250. 
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ferric ions, ■white, insoluble silver tWocyanate will form preferably and 
a permanent red coloration of ferric thiocyanate will not be obtained until 
practically all silver is precipitated: 

CNS' +Aff»--^AgCNS 
SONS" + Fe-H+ [Fe(CNS)3] 

Requirements. 1. Tenth-Normal Potaaeium (or Ammonium) Thiocyanate Solution, 
As both these salts are hygroscopic and cannot be dried without decomposition, 
an exactly tenth-normal solution cannot be prepared by weighing out the solid salt. 
Dissolve approximately the right amount (about 30 g ECNS or 9 g NHiCNS) in a 
liter of water. 

2. Ferric-Ammonium Alum Solution. A cold, saturated solution of ferric alum 
to which enough nitric acid is added to cause the disappearance of the brown color. 
“Use about 3.5 g of the alum, 10 ml of water, and 2 ml of 6 JV HNOi- Of this indi- 
cator use the same amount for all titrations, about 2-3 ml for 100 ml of the silver 
solution. 


Standardization of Thiocyanate Solution 

. 'Welgb out portions ol about 0.4 g of pure silver nitrate and dissolve 
in 100 ml of 0.3 N nitric acid. Add 2-3 ml of indicator solution and 
titrate with thiocyanate solution to a permanent red tint in the solu- 
tion. Or dissolve 0.25-g portions of pure rilver in 15 ml of 6 nitric 
acid. Dilute to about 25 ml, boil till all nitrous fumes are e^^elled, add 
76tml of cold "water and the indicator solution, and titrate with thio- 
cyanate. 


Determination of Silver in Silver Alloys 

Dissolve 0.5 g of the brightly polished metal in 10 ml of 6 i'T nitric 
acid. After the silver has dissolved, dilute with 50 ml of water and 
boil to expel nitrous fumes.^ Cool, add 2-3 ml of the ferric alum solu- 
tion, and titrate wdth the thiocyanate solution as in the standardization. 
The presence of metals whose salts are colorless does not influence the 
accuracy of this determination, except that mercury must be absent 
because its thiocyanates arc insoluble. Nickel and cobalt must not 
be present to any extent, because thdr salts are colored, and not more 
than 60 per cent of copper in an alloy is permissible. If more copper 
is present the following procedure must be used: Precipitate the silver 
by means of an excess of alkali thiocyanate, wash completely with water, 
place the funnel over an Erlenmeyer flask, break the apex of the filter, 


^ l^jtrous acid reacts with thiocyanic add, forming a red compoxind which may 
earily be mistaken for ferric thiocyanate. 
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wash its contents into a flask by means of concentrated nitric acid, 
and heat the liquid to gentle boiling for three-quarters of an hour. 
As the sulfuric acid formed vdll have some effect upon the subse- 
quent titration, dilute the solution with water to about 100 ml, and add 
a concentrated barium nitrate solution, drop by drop, until all the sul- 
furic acid is precipitated. Then titrate the silver with thiocyanate 
solution without filtering off the barium sulfate. 

3. Determination of Mercury 

Mercuric thiocyanate, like silver thiocyanate, is so insoluble that the 
nitrate or sulfate solution can be titrated with standard thiocyanate 
solution using ferric alum as indicator. The method fails, however, 
when chloride is present because mercuric chloride is so slightly ionized 
that it does not react completely. This constitutes the principal 
reason why the method is not used in preference to other methods, 
because hydrochloric acid is commonly \ise(l in dissolving the sample 
and the complete removal of chloride without volatilization of any 
mercuric chloride is difficult. The titration gives excellent results in a 
nitrate or sulfate solution and can be carried out in the presence of lead, 
copper, bismuth, cadmium, tin, arsenic, antimony, thallium, iron, zinc, 
manganese, nickel, and cobalt. Mercurous salt, silver, and lutrous acid 
should be absent. 

Procedure, To the solution containing 0.05 to 0.3 g of mercury as 
sulfate or nitrate in a volume of about 100 ml, add nitric or sulfuric 
acid sufficient to make the solution about 1.5 iV in acid and, to make 
sure of the absence of nitrous acid or mercurous iron, add 5 per cent 
permanganate solution drop\visc until a red color is produced, or a 
manganese dioxide precipitate is formed, which persists for 5 minutes. 
Destroy the excess permanganate, or dissolve the precipitate, by the 
addition of a very little ferrous sulfate or hydrogen peroxide. Titrate 
as described for the determination of silver but, as the color of ferric 
thiocyanate is noticeable before the end of the titration and disappears 
very slowly at the last, make sure that the solution is not under-titrated 
and that distinct red color perrists after vigorous shaking or stirring. 

Prepare the standard solution of thiocyanate and the indicator 
solution of ferric alum as described under the determination of silver. 
It is best, however, to standardize the solution of thiocyanate by direct 
titration against 0.25-0.30 g of mercury that has been dissolved in hot 
G nitric acid and titrated under the conditions outlined above. 
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4. Determination of Chloride 
(a) Volhard’s Method 
C3 

1 1 of 0.1 N AgNO* Bolution “ ^ 3.546 g chlorine 

According to Volhard’s original directions, the chloride solution was 
treated with 0.1 N silver njtratc solution and then, without filtering 
off the precipitate, 2-3 ml of the ferric-ammonium alumsolutionwasadded 
and the excess of silver titrated with 0.1 N potassium or ammonium 
thiocyanate (see p. 648). 

The results are satisfactory with large quantities of chloride, but in 
the titration of small quantities of chloride too high results are obtained, 
as was first shown by G. DrechseP and later confirmed by M. A. Rosa- 
nof! and A. E. Hill.® Drechscl showed that it was impossible to get 
the true end point of the reaction, as the red coloration gradually dis- 
appeared on stirring, remaining permanent only after a considerable 
excess of thiocyanate had been added. The reason for this is that silver 
chloride is more soluble than silver thiocyanate. Thus the precipitate 
gradually reacts with the red ferric thiocyanate, as follows,* 

SAgCl + FeCCNS)3 = SAgCNS + FeCh 

Procedure. Weigh out accurately to four significant figures samples 
of about 0.2 g each. Dissolve in about 200 ml of water containing 5 ml 
of 6 iV HNO3. In other beakers, dissolve about 0.8-g portions of pure 
AgNOs, also weighed to four significant figures. Dissolve the AgNOs in 
about 50 ml of hot water and pour the silver nitrate solution slowly, 
while stirring, into the hot chloride solution. Wash the bcake»^ well to 
remove all AgNOj, Keep the solutions hot, but not quite boiling, until 
the silver chloride precipitate has coagulated sufficiently to be filtered. 
Filter off the precipitate, and wash the beakers and precipitate with at 
least 6 portions of hot water. In washing the precipitate on the filter, 

, make sure that the upper edge of the paper is washed each time; if the 
filter paper fits the furmei tightly at the top, no precipitate will 
pass into the filtrate. Finally, to make sure that all the excess silver 
nitrate has been removed, test about 5 ml of fresh filtrate with 
a few drops of 6 iV HCl; no precipitate of AgCl should form. Add 
ferric alum indicator solution and titrate with standardized thio- 
cyanate solution. 


» Z. anal. Chem., 16, 351 (1877). 
* J. Am. Ckem. Soc., 29, 269. 
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The above procedure is equally applicable to the analysis of bromides, iodides, 
cyanides, and thiocyanates, all of which ybld precipitates insoluble in dilute HNOj. 
When the above procedure is followed it is not absolutely necessary to filter off the 
precipitate before titrating. The error is slight if the silver chloride precipitate is 
well coagulated. 

Adsorption Indicators. Fajans and his collaborators^ have shown that silver 
halide precipitates, owing to their colloidal properties, tend to adsorb excess Ag* 
or excess halogen ions from the solution with which they are in contact. The 
adsorbed Ag'*’ has the property of dragging down with it the anions of certain o^nic 
dyestuffs, which are of a feebly acidic nature, and, a change of color takes place os 
a result of the adsorption. Thus fluorescein in aqueous solution has a yellowish 
green color. 'When silver chloride is formed in the presence of a very slight excess 
of Ag*, the amon of fluorescein is adsorbed and there is a change of color to reddish 
violet. If a very little of the indicator is present, the silver chloride precipitate 
assumes a reddish tint as soon as a very slight excess of Ag'*’ is present. 

In the titration of Cl" with Ag good results are thus obtained in neutral solutions 
with fluorescein as indicator. To prepare the indicator solution, dissolve 0.2 g of 
the sodium salt of fluorescein in 100 ml of water or dissolve 0 2 g of fluorescein itself 
in 100 ml of alcohol. Use about 2 drops of indicator solution for each 10 ml of 0.1 N 
chloride solution to be titrated with 01 N silver nitrate solution. The results are 
accurate, even m the presence of considerable quantities of alkali cations, provided 
that the chloride solution is at least 0 005 N in halogen ions. Alkaline-earth cations 
interfere somewhat. 

Bromides, iodides, and thiocyanates can be titrated in dilute solutions, even in the 
presence of dilute nitric acid, when eosin is chosen as the indicator. Two drops of 
the 0 5 per cent aqueous solution should be used for each 10 ml of 0.1 ^ halide to be 
titrated. The silver halide precipitate becomes red at the end point. Eosin cannot 
bo used for the titration of chlorides with silver nitrate because the eosin is ad- 
sorbed and colors the silver chloride precipitate before the end point is reached. 
Fluorescein, on the other hand, can be used with chlorides, bromides, iodides, 
or thiocyanates. 

In the titration of silver solutions, there arc two ways in which an adsorption 
indicator can be used An excess of standard halide solution can be added and the 
excess titrated with standard silver nitrate solution using fluorescein or eosin as 
indicator, or a slightly basic indicator can be used such as “ rhodamine 6 G.” In 
this ca.se the cations of the indicator arc adsorbed by the precipitate as soon as a 
sligiit excess of Dr" ha.s been added and a color change takes place with the precipitate 
assuming a bluish violet hue Nitric acid can be present during this titration with 
the basic indicator provided that the concentration is not over 0.5 N in acid. 

A number of other organic dvestuffq r.«n Vw, «« — *• — • Thus 

Kolthoff* reports gc ■ 

“ mctanil yellow " ■ ■ ! '. 


* Z. phyaik. Chem., 97, 478 (1921); 105,255 (1923); Z. Elcctrockem., 29, 495 (1923); 
Nalunciss., 11, 165 (1923); Z. anorg attgem. Cketn., 137, 221 (1924). 
and. CAm., 71, 235 (1927). 
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A Partial List of Adsorption Indicators for Volumetric Precipitations* 


Titration 

of 

Titrating 

Ion 


Notes 

cr 

Ag^ i 

Dichlorofluorcscein 

pH > 4 

Br" 

Ag+ 

Eosm 

pH > 2 Best in acetic 




acid solution 

I- 

Ag+ 

Eosin 

f Eosin is tetrabromo- 

SON" 

Ag*- 

Eosin 

\ fluorescein 

CN' 

Ag+ 

Diphenytcarbazide 


Ag+ 

Br" 

Uhodamine (> U 

In 0.6 N HNO, 

OH“ 

Pb-^ 

Fluorescein 

Quite sharp in 0.01 and 




0.1 N solutions 

Borl 

B 407 -J 

Pb++ 

Dtchlorofluorescein 

Accurate in neutral solu- 
tion 

sor 

Pb++ 

Dibromofiuorescein 

A better method is based 




on fractional precipita- 

tiont 


* Pierce and Haenlecb. <!uan(tta<tM Anatv«{* 

t See W. C. Scbroeder, Ind. Eng. Chtm , Anal Ed , 8, 403 (1933), and Slieen. Kahler, and Cline, ibid > 
«, 69 (1937). 


(b) Fr. Mohr’s Method 

If the neutral solution of an alkali chloride containing a few drops of 
potassium chromate solution is treated with silver nitrate solution, added 
from a buret, silver chloride is formed first, and any red precipitate of 
silver chromate disappears on stirring, 'on account of its reacting with 
chloride ions to form less soluble silver chloride. 

AgjCrO* + 2NaCl = 2AgCl + NaaCrO* 

When all the chloride is changed to insoluble silver chloride, the next 
drop of the silver solution will impart a permanent reddish color to the 
liquid. For small amounts of chloride in concentrated solutions this 
method gives very sharp results. If, however, the volume of the solu- 
tion is too large, the results are not very accurate. A blank experi- 
ment must always be made to see how much of the silver solution 
is necessary to produce the red shade used in the titration when no 
chloride is present, and tliis amount must be deducted from that 
used in the analysis. 

Remark. If it is desired to titrate free hydrochloric acid, first neutralize the 
solution. With colorless chlorides having an acid reaction (AIClj), treat the solution 
with an excess of neutral sodium acetate solution and then titrate. Wth 
colored metal chlorides, precipitate the metal with caustic potash or sodium 
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carbonate, filter, wash the precipitate, make the filtrate acid with acetic acid, 
and then titrate. 

The above procedure can be used equally well for the titration of 
bromide. The same is true of the Volhard method. 

6. Determination of Iodide 
VoUiar^s Method 

1 ! of 0.1 N AgNOs solution = ^ = 12 69 g iodine 

If silver iodide is produced in a solution of an iodide by the addition 
of silver nitrate, the precipitate will usually enclose a measurable 
amount of either the soluble iodide or the silver nitrate, so that the 
analysis cannot be accomplished in the same way as in the analysis 
of chlorides and bromides. 

Place the solution in a glass^toppered flask, dilute to 206-300 ml, 
and add the silver solution with vigorous shaking until the yellow pre- 
cipitate collects together and the supernatant liquid appears colorless. 
As long as the solution appears milky the precipitation is not complete. 
Finally add a little more silver nitrate and again shake to precipitate 
any iodide in the pores of the silver iodide. Then add ferric alum solu- 
tion, titrate the excess of silver with potassium thiocyanate, and cal- 
culate the iodine from the amount of silver used. In this way Volhard 
obtained exact results. 

The ferric solution must not be added before the iodine is completely 
precipitated, because in acid solution it oxidizes the hydriodic acid with 
separation of iodine. Silver iodide, however, is \vithout action on ferric 
salts. 

6. Determination of Cyanide. Method of Liebig 

1 1 of 0.1 N AgNOi solution = — = 13 02 g KCN 
5 

On adding silver mtrate solution, drop by drop, to a neutral or alkaline 
solution of an alkali cyanide, a white precipitate is formed when the tw'o 
liquids first come in contact with one another, but on stirring it redis- 
solvcs owing to the formation of potassium silver cyanide: 

AgCN + CN" [Ag(CN)2r 

As soon as all the cyanide is transformed into the silver cyanide com- 
plex anion, the next drop of the ^ver solution will produce a perma- 
nent turbidity: 


lAg(CN),r +Ag^-*2AgCN 
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The titration reaction is, therefore, 

2CN^+A&^--vlAg(CN)ir 

lAg+ corresponds to 2CN", and the end point of the reaction is shown 
by the formation of a permanent precipitate as soon as more than lAg^ 
has been added for each 2CN“ ions. 

Prepare the alkali cyanide solution in a beaker, add a little potassium 
hydroxide, and dilute to a volume of about 100 ml. Place the beaker 
on a piece of black glazed paper and titrate with constant stirring until 
the turbidity is obtained. 

For the analysis of free hydrocyanic acid, add an excess of potassium 
hydroxide solution and treat as above. 

The addition of 5 ml of 2 per cent potassium iodide solution slightly 
increases the sharpness of the end point in the above analysis. The 
precipitate then consists of silver iodide of which 1 molecule will dissolve 
in 2 molecules of potassium cyanide, just as silver nitrate does. The 
above procedure can be applied to any solution of alkali or alkaline- 
earth cyanide (the so-called /rce cyanide) but not to insoluble or complex 
cyanides. 


7. Determination of Chloride and Cyanide in the Presence 
of One Another 

First, determine the cyanide by the method of Liebig, and then add 
enough silver solution to convert all the cyanide and chloride into their 
silver salts. Make the solution acid with nitric acid, dilute with water 
to a definite volume, filter through a dry filter, and after rejecting the 
first runnings, use an aliquot part of the filtrate for the titration of the 
excess of silver by means of potassium thiocyanate, according to Volhard. 
The calculation of the cyanogen and chlorine is illustrated by the follow- 
ing example: 

Ten milliliters of the solution required for the production of a per- 
manent turbidity t ml of 0.1 N silver solution. Then an excess of 
0.1 N silver solution was added (bringing the total amount used to T 
ml). The solution was acidified with nitric acid, diluted to exactly 
200 ml, filtered through a dry filter, and after the usual rejection of the 
first runnings the excess of the silver was titrated in 100 ml of the filtrate; 
this required U ml of 0.1 N potassium thiocyanate solution. Conse- 
quently the amount of cyanogen present is f X 0.005202 g, and the 
chlorine present amounts to [T — 2(t + h)]0.003546 g. 



DETERMIN’ATIOX O? CTn.ORlDn. O'XXIW; TinOCYXXX'n'. 

8. Detennination of Potas^tim Cyanide in the Presence of Ferro- 
cyanide. Method of W. D. Tread^’ell' 

Tn this determination the use of ^lota-ssnum iodide i'^ neeossAT^* Ixvaa^e 
of the appreciahle fohihility of sih-er cnnide in nlVnli fonwyantde 
solution. 

Procedure. To one aliquot ivui of the solution add O.l % of 
fium iodide, 2-3 ml of O.l .V caustic alkali solution or anunoUiiUU 
hydro-ddc, and titrate in a \-olume of alxnit UXl ml \\ill\ 0.1 X silwr 
solution till a turbidity fonuv Tliis pvos tbc KC'X ctintont. 

To determine tbc feTToeyanide, remove the c^^uude by beating 
another aliquot part of tbc otiginal solution under a good botvl while 
introducing a stream of carlron dioxide. This ta'quiix's aUmt 30 miuuti's. 
Then titrate the fenoeyanide aceooUng to the diivclions on p. ritlh 

9, Determination of Thiocyamc Acid. Volhani’s Method 

1 1 of 0.1 X ArNO, Frttiition - - fl.W K IICNS 

Tills is the reverse of the silver detonniniUion (p. 1117)» Add iUi 
excels of O.l X silver solution to the solution emdiumnn t\u' tldoeynnnte, 
niul titnitc tlic excels of silver with |>ota.ssium thioeymudo polutlun, 
iL«ing ferric alum os indicator. 

10. Determination of TWocynnlc nnd llydrocynnlc Adda In the 

Presence of One Anollior 

Add cuourIi potA-'s-Muni hydnixlde to timko the solution iieulriil, 
ililulc to nlK)ut 100 ml, and titrate llie eyunogou hy the method Of 
hichiR (P.G53). Then, add an exrevs of silver solution, mtdie neld with 
nilrir acid, and titnite the exre.xs of silver with poltiRsiinn thhK'.Vntmte 
in an nVuiuot part of the filtrate. 

11. Determination of Chloride, Cyanide, nnd Tlilocyannto In llio 

Presence of One Another 

In one portion delennine the free rynnidi* neeording 1»» I,h’hiR. 'r,, 
a Mroml ]K>rtion add an exce^i of 0.1 A' silver solution, mnhe ael<| with 
nitric arid, filter, wadi the |uvcipitnte with wafer, and titrate tl»e ex<'< 5 q 
of silver in the filtrate ncrordinK to Volhard. I'iert«> the (ih,.r <of,lnln- 
inp the pn-ripif.ate and Inm-fer the latter hy iiieana of rooMutratt^l 
nitric acid to a n.x'^k nnd lir»il for Ilirif*-rpnr1»-r^ sjf an h'liir, Itv lh)-> 
th,- c yanide and thirK-y.ariat« of silvi r ro into folnt ion, wdiih' the 
‘ Z. Om . 71. 210 (1011), 
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silver chloride remains undissolvcd. Dilute the solution to about 100 
ml, add enough barium nitrate to precipitate the sulfuric acid formed, 
and titrate the silver corresponding to the cyanide and thiocyanate with 
potassium thiocyanate without filtering off the silver chloride or barium 
sulfate. 

Computation. If i ml of 0.1 N AgNOa were used in the first titra- 
tion, then 2t ml would be needed to precipitate all the cyanide. If T ml 
of 0,1 JV AgNOs were required to precipitate all the cyanide, thiocyanate, 
and chloride, and h ml of 0.1 N KCNS were used in the last titration, 
then 

t X 0.005202 = g GN or f X 0.01302 = g KCN 

(h - 20 X 0.005808 = g CNS or (f, - 20 X 0.009718 = g KCNS 

(T - h) X 0.003546 g = Cl or (T - (,) X 0.007455 = g KCl 

12. Detemunation of Sulfuric Acid by Benzidine Hydrochloride^ 

1 1 d( O.l iV NaOH - - 4.004 g HsSO, 

Benzidine, is a weak organic base. It forms stable salts with strong 

mineral acids, of which the sulfate is characterized by its blight solubility, particu- 
larly in water containing hydrochloric acid. The base itself is neutral toward phe- 
nolphthalein. The aqueous solutions of bcnzldmc salts undergo hydrolysis and 
react as if the acid were free: 

CtiHi(NH,)*-2HCl + 20H“ -*2Cr .+ CwHgCNHOi + 2H,0 

In other words, an aqueous solution of benzidine hydrochloride behaves like a mix- 
ture of hydrochloric acid and benzidine, and the amount of acid present may be 
titrated with alkali hydroxide, in the presence of phenolphthalein as indicator. 

There are two methods which have been used for the volumetric estimation of 
sulfuric acid by moans of benzidine. Muller treated the neufral solution of the 
sulfate with a solution of benzidine hydrochloride of known acidity. 

C»Hi(NH,)a.2HCl + Na^O, = 2NaCl -f- CiiHiCNH*)vH,SO* 

The precipitate of benzidine sulfate was filtered off and the filtrate titrated with a 
standard solution of alkali. The loss in acidity corresponded to the amount of 
sulfuric acid present. Raschig, on the other hand, recommends treating the neutral 
or acid solution of the sulfate with benzidine hydrochloride solution, filtering off 
the precipitated benzidine sulfate, W'ashing it, and then suspending it in water and 
titrating the sulfuric acid with 0.1 If sodium hydroxide at 50". 

Raschig prepares the reagent as follows: Triturate 40 g of benzidine with 40 ml 
of water and rinse the paste into a liter measuring flask with about 750 ml of water- 
Add 50 ml of concentrated hydrochloric acid and dilute to the mark. Shake well. 


^W. MUUer, Ber., SB, 1587 (19(G); M&Uer and Durkes, Z. anal. Chem., 42, 477 
(1903); F. Raschig, Z. angew. Ckenu, 1903, 617 and 818; von Knorre, Chent. Ind., 
28, 2; and Fnedheim and Nydegger, Z, angew. Chem., 1907, 9. 
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Soon the benzidine will all dissolve, forming a brown solution which may be filtered 
if necessary. To use as a reagent, dilute with 19 times as much water. 

Procedure. To the neutral or slightly acid solution of the sulfate, 
containing not more than 0.1 g of sulfate anions per 50 ml of solution, 
add the diluted benzidine solution in. the cold, using 150 ml for each 
0.1 g of sulfate ions. A crystalline precipitate of benzidine sulfate forms 
at once, which can bo filtered as folloure after standing 5 minutes. 

Place a Witt perforated porcelain plate in a funnel of 200-ml capacity. 
The diameter of the plate should be about 40 mm on the top. Place 
two pieces of filter paper on this plate, about 46 mm in diameter. Insert 
the funnel in a rubber stopper and place in a suction bottle. Moisten 
the filters with water, apply gentle suction, and press the papers to the 
sides of the funnel so that a tight pad is formed of about 3-mm depth, 
which Avill not allow precipitate to get by. Pour the supernatant liquid 
through this filter, rinse the precipitate and mother liquor into the funnel, 
and drain. Wash with 15 ml of water added in small portions. Place 
the precipitate and filter, without the porcelain plate, in an Erlenmcycr 
flask, add 60 ml of water, and shake the contents of the stoppered flask 
until a homogeneous paste is obtained. Remove the rubber stopper 
from the flask, rinse off wth water, add a drop of phenolphthalein solu- 
tion, heat to about 50®, and titrate with 0.1 N sodium hydroxide. When 
the end point is nearly reached, boil the liquid for 5 minutes, and then 
finish the titration. 

Remark. The method docs Rot give good results in the presence of ferric salts, 
but this difTiculty can be overcome by reducing the ferric ion with hydrazine hydro- 
chloride. Not more than 10 moles of HCl, 15 moles UNO,, 20 moles IICjIIjO, 
5 moles alkali aalt, or 2 moles feme iron should be present to 1 mole of HjSO^, A 
8.atisfnctory determination of the sulfur in pyrito can be made by dissolving 05 g 
of the sample according to the Lunge method (sec “ Pyrite ”), evaporating off the 
nitric acid, tnVing up the residue in n little hydrochloric acid, diluting to 500 ml and 
tismg 100 ml for the treatment with benzidine hydrochloride. 


13. Determination of Sulfuric Acid (Hinman)^ 

1 1 ot 0.1 N Na:S.O, - 3.269 g H.SO. 

Tills method depends upon the fact that barium chromate is easily dissolved by 
dilute hydroeliloric arid uliereas barium sulfate ia not; 1 1 ot cold natcr dissolves 
nliout 2 ms ot BaSO. and 3 ms ot BaCrOu but the latter salt dissolves easily in 
acid because IlCtO,- as an acid ia comparable to It, CO. It a solution ot barium 

Mm. J. .Sri. and rlris, lU, 478 (1677). Ct. Andrews. Am. Chtm. J. 2 SG7- 
rennoek and Morton. J. Am. Chrm. See., 1903, 220.i; Bmhns, Z. anal. cLm As’ 
673 (1006). IIolliBcr, ibiJ., 19, 81 (1910), and M. licutcr, Chem. Zlg., 1898 W 
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chromate in dilute hydrochloric acid is added in slight excess to a solution con- 
taining SO 4 ions, BaSO* is precipitated; then upon neutralizing the solution the 
remainder of the barium is precipitated as BaCrO<, leaving 1 mole of CrOi"" in 
solution for each mole of SO4 originally present. After filtering, the dissolved 
chromium can be determined iodimetricalty (p. 605), 

The method is rapid and capable of giving theoretical values in the analysis of 
sulfates containing less than 6 per cent of SO*. By slightly varying the conditions, 
however, the results are influenced and the most favorable conditions are not always 
the same for different sulfates. The method, therefore, is suitable for routine work, 
but is not theoretically perfect,^ 

The results are likely to be high if the barium chromate contains any water- 
soluble chromate. Since the solubility of barium chromate in hot water is appreci- 
able there will always be a positive error from thJs source, if the solution is filtered hot. 

The results will be low; (1) If there is any reduction of chromate other than the 
desired reduction with iodide; this may be caused by the presence of too much 
hydrochloric acid during the first precipitation. (2) If any other chromate is pre- 
cipitated with the barium chromate, such as basic ferric chromate. (3) If the solu- 
tion is not acid enough during the treatment with iodide, incomplete reduction may 
result. (4) If the solution is hot, or contains an insufficient amount of iodide, some 
loss of the iodine may take place. 

Prepare the barium chromate reagent by precipitating barium chloride with 
potassium chromate at the boiling temperature. Wash the precipitate with hot, 
dilute acetic acid and then with water till free from chromate. Dissolve 2-4 g of 
the dry salt in 1 1 of normal hydrochloric acid. One milliliter should preripitate 
0.63-1.3 mg of SO*. 

Procedure. If the solution of the sulfate is acid, nearly neutralize 
it with alkali hydroxide solution. Dilute with water until not more 
than about 5 mg of SO3 is present in 100 ml. Heat to boiling and 
slowly add a slight excess of the barium chromate reagent. Boil for 
1 minute, or for 5 minutes if any carbonate was present. 

To the boiling solution cautiously add pure CaCOs in small portions 
until present in slight excess (use ammonia if iron, nickel, or zinc is 
present). Cool to room temperature and dilute to the mark in a 250-ml 
measuring flask. Mix thoroughly by pouring back and forth several . 
times into a beaker which is dry at the start, filter through a dry filter, 
reject the first 20 ml and take 100 ml of the filtrate for the titration. 

Add 2-3 g of potassium iodide and 10 ml of concentrated hydro- 
chloric acid. Shake well and allow to stand 15 minutes. Then titrate 
slowly with 0.02 N sodium thiosulfate solution. 

Remark. When iron, nickel, or zinc salts are contained in the solution, the acid 
present cannot be neutralized with calcium carbonate, because these salts when 
boiled with calcium carbonate and a soluble chromate form insoluble basic chromates, 
so that too little chromic acid will be found in the filtrate corresponding to too little 

* In some cases it is simplest to apply a correction factor. Thus Komarowsky, 
Chem.-Zig., 31, 49S (1907), deducts 0.3 ml from the final buret reading. 
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sulfuric acid. In such a case the neutralization is effected with ammonia, an excess 
being added, the solution boiled until the excess is almost entirely expelled and then 
filtered. 

14. Determination of Phosphoric Acid. Method of Pincus 

Principle. If a neutral solution, or one slightly acid with acetic acid, U treated 
with uranyl acetate, a greenish white precipitate of uranyl phosphate is formed: 

KHiPOi + UO, (0,11,0,), = KC,H,0, + 110,11,0, + UOiHPO, 

If at the same time ammonium salts are present, ammonium is contained in the 
precipitate: 

Kii,po, + uo,(c,ir,o,), + Nn,c,Ti,o, = 

KC,H,0, + 2HC,H,0, + UO,NH,PO, 

The end of the precipitation can be determined by testing a drop of the solution 
on a porcelain tile mth potassium fcrrocyanide. A brown coloration is formed as 
soon as an excess of uranj'I Siilt has been added. 

To precipitate the phosphoric acid completely, It is necessary to titrate in a boUing- 
hot solution. Honever, as a solution of calcium phosphate will become turbid on 
boiling, owing to the formation of secondary calcium phosphate (CaHPO,), it is 
best to precipitate the greater part of the phosphoric acid in the cold, then heat to 
boiling and complete the titration. 

Requirements. 1. Potassium Phosphate Solulton. Dissolve 19.23 g (correspond- 
ing to 10 g P,0») of pure monopotassium phosphate in 1 1 of water. 

Confirm the concentration of the solution by evaporating 60 ml to drjmess In 
a large platinum crucible, igniting the residue over the full flame of a Bunsen burner 
and weighing as KPO,; also by precipitating another portion as magnesium ammo- 
nium phosphate and neighing as magnesium pjTophofphatc. 

Fifty milliliters of the solution corresponds to 0 5 g r,0» and should yield 0 8315 g 
KPO, and 0 7839 g Mg, PA 

2. CofauTn Phosphate Solution. Dissolve 5.-1G1 g of CajfPO,),. corresponding 
to 2.5 g PjO,, in a little nitric acid, dilute with water to a volume of 1 1, and test the 
concentration of the solution liy means of the molylxLate method (p. 371). 

3. Uranijl Acetate Solution. Dissolve about 35 g of uranyl acetate in a liter 
of water 

4. Ammonium Acetate Solution. Dissolve 100 g of pure ammonium acetate and 
100 ml of 0 N acetic acid, in enough water to make 1 1 of solution. 

6 Potassium Faroajanulc. The salt is used in the powdered form. 

Procedure 

(a) Standardization of the Uranium Solution 

To 50 ml of the iKitoK.-ium pho^iphatc, or cakhim pho-plmte, solution 
nclcl 10 ml of the ammonium acetate fohition ; nm in the uranyl acetate 
Miintion from a hnret until a drop of the Hilution will show a broivn 
coloration when treated with Milid iKitas'-ium fcrrocyanide upon a 
while iwrcclain tile. Then heat the roliilion to boilinR, when a drop of 
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it will no longer react with the ferrocyanide. To the hot solution add 
more of the uranium solution until the brown color is obtained once more. 

If, for the precipitation of the phosphoric acid contained in 50 ml of 
the potassium phosphate solution (0.5 g P20s), T ml of the uranium 

0.5 

solution was required, its concentration is g FsOs per milliliter. 

For the analysis of alkali phosphates, standardize the solution against 
the potassium phosphate solution, but for the analysis of an alkaline- 
earth phosphate use the solution of calcium phosphate. 

(&) Determination of Phosphoric Acid in Alkali Phosphate 

The solution to be analyzed should be of about the same concentra- 
tion as that of the potassium phosphate used for the standardization, 
and titrated in the same way. Phosphate solutions of different concen- 
trations ^ve different results by the titration. 

(c) Determination of Phosphoric Add in Calcium Phosphate 

Dissolve 0.25 g of calcium phosphate in dilute nitric acid, add am- 
monia until a permanent precipitate is produced, and redissolve this 
in a little acetic acid. Add 10 ml of the ammonium acetate solution, 
and titrate the solution with the standard solution of uranyl acetate. 

Remark. In the presence of iron and aluminum this method will not give accu- 
rate results because the phosphates of these metals are insoluble in acetic acid. In 
such cases, filter the turbid acetic acid solution and determine the phosphoric acid 
in the filtrate by the above titration. Ignite the precipitate con^ting of iron and 
aluminum phosphates, weigh, and, if it amounts to less than 0 01 g, assume half its 
w’eight to be P 2 O*; otherwise determine the phosphoric acid in the precipitate by 
the molybdate method. 

16. Determination of Nickel by Potassium Cyanide^ 

This method, which permits the volumetric estimation of nickel with 
speed and accuracy even in the presence of iron, manganese, chromium, 
zinc, vanadium, molybdenum, and tun^ten, depends upon the fact 
that nickel ions react with potassium cyanide in slightly ammoniacal 
solution, to form a complex amon [Ni(CN) 4 l : 

Ni(NH3)6Cl2 + 4KCN = K^NiCCN)*] + 6 NH 3 -f- 2KC1 

^ Cf. Campbell and Andrews, J, Am. Chem. Soc., 17, 126 (1895); Moore, Ckem. 
News, 72, 92 (1895); Goutal, Z. angew. Chem., 1898, 177; Brearley and Jarvis, 
Chem. News, 78, 177 and 190 (1898); Johnson, J. Am. Chem. Soc., 29, 1201 (1907); 
Campbell and Arthur, {bid., 30, 1116 (1903); and Grossmann, Chem.^Ztg., 32, 1223 
(1908). 
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If the solution of the nickel salt contains. a precipitate of silver iodide, 
produced by adding a kno^vTi amount of silver nitrate and a few drops 
of potassium iodide solution, the turbidity will not disappear until all 
the nickel has entered into reaction wdth the potassium cyanide. 

Agl + 2CN- = K[Ag(CN)s] -|- I" 

The titration is finished by adding just enough more silver nitrate to 
cause the precipitate of silver iodide to reappear. 

I" + Ag+ = Agl 

Requirements. 1. A nickel solution of known content. Dissolve 10 g of pure 
nickel in 125 ml of G N nitric acid, boil off the nitrous fumes, and dilute with water 
to 1 1 at 20®. 

2 A sHicr nitrate solution. Dissolve 5 g of silver nitrate in water and dilute to 1 1. 

3. A potassium cyanide solution Dissolve 15 g of pure potassium cyanide and 
dilute to I 1. 

4. A potassium iodide solution. Dissolve 10 g of potassium iodide in 100 ml of 
water. 

Standardization of the Potassium Cyanide Solution. To 10 ml of 
the nickel solution, accurately measured uith a pipet, add ammonium 
hydroxide in slight c.xccss, dilute to 100 ml, and add 6 drops of potassium 
iodide solution and about 1 ml of silver solution from a buret, noting 
the reading of the buret before adding the silver solution. From another 
buret, slowly run in potassium cyanide solution, \Wth constant stirring, 
until the silver iodide precipitate di.'^olvos. Then very’ carefully add 
silver nitrate solution until a permanent turbidity is formed and dissolve 
this by the careful addition of more potassium cyanide solution. Con- 
tinue in this way until 2 drops of the potassium cyanide solution suf- 
fice to di.s.«olvc the last silver iodide turbidity produced by adding the 
silver nitrate solution. Since the potassium cyanide solution decom- 
poses slowly, this titration must be made every' day that the solution 
is used. 

Next determine tlio relative strengths of the silver solution and of tlic 
poln.ssium cyanide solution. From a buret, add 30 ml of the potassium 
cyanide solution, neutralize with ammonia, dilute, add potassium io<lido 
and titrate in exactly tlic same way as just outIine<l. 

From tills last titration in which a ml of silver nitrate was found 
equal to h ml of pota.s.>.ium cyanide, 1 ml of AgNOi solution «= hfa ml 
of KCN* solution. If T ml of potassium cyanide and f ml of silvcrnitmtc 
were Used in the titration of 10 ml of nickel solution (= 0.1 g Ki), then 

1 m! of KCN solution = grams Ki 

l — \b/a)l 
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than a slight excess is present. Potasaum cyanide containing sulfide cannot be 
used; the reagent should be the purest obtainable. The results are accurate. The 
method has been modified so that it can be used to advantage for the determination 
of nickel in nickel steel. 

The follotving procedure is not applicable in the presence of copper or 
cobalt, both of which react like nickel with KCN, or in the presence of 
tungsten, which gives a turbidity of hydrated WO3 that interferes tvith 
the end point. 

17. Determinatioti of Nickel in Nickel Steel 

Dissolve 1 g of steel in a casserole with 20 ml of 6 iV nitric acid, adding 
a little hydrochloric acid if necessary. (If much chromium is present 
use 20 ml of 9 H2SO4 and, later, 5 ml of concentrated nitric acid to dis- 
solve carbides.) After the steel has dissolved, add 10 ml of 15 per cent 
(NH4)iS208Solution and boil Sminutes. Thcnfilterifnecessaiy. Cool, 
and, to prevent precipitation of Fc(OH)$ on neutralization, add 10 ml of 
a solution made by dissolving 20 g of citric acid, 27 g (NH4)jS04, and 
20 ml of concentrated NH4OH in 80 ml of water. Cool to room tempera- 
ture, and add 6 N ammonia until the solution assumes a greenish tint 
and is basic to litmus. Cool the clear solution to room temperature and 
dilute to 200 ml \vith cold water; carefully measure out from a buret 
about 0.5 ml of the standard silver nitrate solution and add 2 ml of the 
potassium iodide. Titrate uith potassium cyanide until the precipitate 
of silver iodide has disappeared, and finish by adding just enough more 
of the silver nitrate to cause the formation of a slight turbidity again. 


the solirtion; if a precipitate is formed which will not dissolve upon stirring, dissolve 
it in HNOj. Cool well, add 50 ml of the above-mentioned ammonium citrate mix- 
ture, and proceed as described above. 

If copper is present, dissolve the sample in 35 ml of 6 N HjSOt and precipitate 
the unoxidizcd solution by boiling with about 1 g of 18-gauge pure aluminum wire. 
Filter, add to the filtrate 5 ml of concentrated IINOj, boil off nitrous fumes, and then 
neutralize n ith ammonia and add citric acid mixture. If more than 0.2 per cent of 
nickel is present and the copper content is high, it is better to use the dimethyl 
glyoxime method. 

18. Determination of Copper by the Potassium Cyanide Method^ 

Principle. If an ammoniacal solution of a cupric salt is treated with potassium 
cyanide, the intense blue color gradually disappears. The reaction is essentially as 
follows: 

2CuCNH,) 4-^ + 7CN- + H,0 = Cu,(CN), + CNO" + 2NH,+ + 6NH, 

* Cf Steinbeck, 2. anal Chem., 8, 8 (1869); Dulin, J. Am. Chan. Soc., 17, 346* 
A. H. Low, Technical Methods of Ore Analysis. ’ ’ 
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operation of filtering should take place \\ithout interruption and the 
filter kept well filled with liquid to prevent the oxidation of any pre- 
cipitate upon it, which w'ould cause it to dissolve and give a turbid 
filtrate. After washing the deposit 4 times, using in each case 20 ml 
of weak hydrogen sulfide water, allow the liquid to drain from the fun- 
nel, and then replace the beaker containing the filtrate with the flask 
containing the deposited copper. Cover the aluminum foil, to which 
some copper usually adheres, with 10 ml of 6 nitric acid, heat nearly 
to boiling, and pour the hot acid through the filter. Replace the flask 
with the beaker containing the foil, and heat the contents of the flask 
until all the copper is dissolved and the greater part of the red fumes 
expelled. Again place the flask under the funnel, cover the aluminum 
foil in the beaker with 5 ml of strong bromine w'atcr, and pour this 
through the filter. Then wash the aluminum foil and the filter with 
hot water. Boil the solution to expel the excess of bromine, cool to 
room temperature, treat with 10 ml of strong ammonia, and titrate with 
potassium cyanide exactly as in the standardization. 

19. Determioatioa of Lead by the Molybdate Method' 

Principle. The lead U precipitated as molybdate from on acid solution, and the 
termination of the reaction is rccogni*od by testing a drop of the solution with a 
drop of tannin solution, winch gives a yellow coloration wiicn an excess of ammonium 
molybdate is present. 

Requirements. 1. A solution of ammonium molybdate prepared by dissolving 
about 4.25 g of ammonium molybdate in water, and diluting to 1 1. 

2. A freshly prepared tannin solution containing 0 1 g of tannin in 20 ml of water. 

Standardization of the Ammonium Molybdate Solution. Weigh out 
0.2 g of pure load foil into a 200-mI Erlcnmoycr flask, dissolve in a 
mixture of 2 ml concentrated nitric acid and 4 ml of w ater, and evaporate 
the solution nearly, if not quite, to drjiicss. Take up the residue in 
60 ml of water, add 5 ml of conccnlratcd sulfuric acid, shake, and allow 
the Ic.nd sulfate to settle completely. Klter and wash the precipitate 
with 3.5 A’ s\ilfuric acid. Drop the filter, together with precipitate, 
into an Erlcnineycr flask, n<Ul 10 m! of concentrated hydrocliloric acid, 
and Irnil the liquid until the filter is completely disintegrated. Then, 
after adding 15 ml more of concentrated hydnxihloric acid and 25 ml 
of cohl water, carefully add 25 ml of conccntrateil ammonia, whereby 
the greater part of the acid is neutralized. Droj) a piece of blue litmus 
paper into the solution, add ammonia to slightly n!k.annc reaction 
and then ghacial acetic acid until the UUnUH paper turns red. Dilute 

* Altxafuler, CKcn.-Zt) , IG, tSI (tS92); I>f»w, TrrAmra/ of Ore Analytu. 
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to about 200 ml with hot water and transfer about two-thirds of the 
solution to' a beaker. Add the ammonium molybdate solution to the 
beaker from a buret until a drop of the solution, brou^t in contact with 
a drop of the tannin indicator upon a white porcelain tile, gives a brown 
or yellow color. Pour in some more of the lead solution to the beaker 
and repeat the operation until only a few milliliters of the lead solution 
remain in the flask. Finally add the rest of the solution, and finish the 
titration by adding the molybdate solution 2 drops at a time. If 
i ml of molybdate is used in titrating a g of lead the titer of the solution is 


1 ml ammoniu m molybdate = S lead 


Procedure.^ Dissolve the ore in hydrochloric acid or hydrochloric 
and nitric acids, and filter the solution while hot without diluting any 
more than to prevent the acid attacking the paper. Wash the residue 
rapidly with a hot solution of ammonium chloride imtil the washings 
show no blackening when tested with ammonia and a drop of ammonium 
sulfide. Make the filtrate just alkaline with ammonia and add a slight 
excess of ammonium sulfide. Heat to boiling, filter off the precipitated 
sulfides, and wash with hot water. (The alkaline earths may be de- 
termined in the filtrate if desired.) Dissoh'e the sulfides in hot, dilute 
nitric acid and catch the resulting solution in the same beaker in which 
the sulfides were precipitated. Add 7 ml of concentrated sulfuric 
acid, and evaporate the liquid until dense vapors of sulfuric acid are 
evolved. After allowing to cool, add 25 ml of water and boil the 
hquid to dissolve the anhydrous ferric sulfate. Add 10 ml of alcohol, 
cool to room temperature, and filter off the precipitated lead sulfate. 
Wash free from acid, dissolve in a slight excess of ammoniiun acetate 
solution,^ and dilute with water. After heating to boiling, titrate the 
hot solution with ammonium molybdate. 

The above procedure serves when alkaline earths are present; but 
when these are known to he absent, the original solution of the ore can 
be at once evaporated with sulfuric acid, the resulting lead sulfate dis- 
solved in ammonium acetate solution and titrated without any puri- 
fication. 


* This method was obtained through the courte^ of Mr. IVanklin G. Hills of 
the American Smelting and Refining Co. 

* If too much ammonium acetate soluti<m is used, a transitoiy end point is obtained 
in the subsequent titration. It is necessary to use a hot solution, which does not 
contain too much of the salt. See p. S9. 
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20. Detennination of Zinc by Potassium Ferrocyanide^ 

The potassium ferrocyanide method for titrating zinc is very accurate 
but it requires some experience before an operator becomes skilled in 
its use. The end point of the reaction corresponds to the formation of 
K2Zn3[Fe(CN)6]2. 

ZZnCh + 2K*Fe(CN)6 = 6KC1 + KsZn3[Fe(CN)6]2 

After this point is reached, a slight excess of ferrocyanide will give a 
brown coloration when tested with dilute uranyl solution or ammonium 
molybdate on a spot plate. If the solution contains a very small quan- 
tity of iron, a little prussian blue is formed and the color changes from 
pale blue to pea green at the end point as a result of the presence of yel- 
low ferrocyanide. 

Potassium Ferrocyanide Solution. Dissolve 32.31 g of pure 
K4Fe(CN)6*3H20 in water and dilute 11; 1 ml of this solution should 
react vith 7.5 mg of zinc. 

Standardization. Weigh out into 400-ml beakers several 0.3-g por- 
tions of pure zinc, weighing to 4 decimal places. Cover with water and 
dissolve in 20 ml of 0 Af hydrochloric acid. When all the zinc has dis- 
solved, neutralize with strong ammonia, make slightly acid wth hydro- 
chloric acid, and add 0 ml of 6 AT acid in excess. Add 2 drops of ferrous 
sulfate solution containing 2.5g FcS 04 ‘ 7 H 20 per liter. This corresponds 
to about 0.03 mg of iron. Dilute wth w'ater to 200 ml, heat to boiling, 
and titrate as follows: Reserve one-quarter of the solution in a small 
beaker, to avoid the necessity of titrating to the right end point at once. 
To the hot solution add the ferrocyanide ^ith vigorous stirring. The 
solution assumes a blue color, which should be quite pale and is due to 
the reaction of ferrocyanide with a very small quantity of ferric iron 
formed from the ferrous solution added. When an excess of yellow 
ferrocyanide is present, the blue color changes to a pale green. Add a 
little more of the ferrocyanide and pour in all but about 5 ml of the 
reserved zinc solution. Again add ferrocyanide till the end point is 
reached and about 0.5 ml more. Add the last of the reserved solution, 
wash out the beaker mth hot water, and titrate with ferrocyanide drop- 
wsc until the blue color fades sharply to a pea green. This is the end 
point. 

Repeat the standardization until an agreement vithin 2 parts in 1000 
is obtained. 


» The directions here given are based upon the procedure followed in the labora- 
tories of the New Jersey Zinc Company at Palmerton, Pa. 
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Analysis of the Ore. Weigh out into a small beaker enough of the 
powdered ore to give approMmately 0.6 g of zinc. Moisten with water 
and add 10 ml of concentrated hydrochloric acid. If sulfides are preS' 
ent it may be necessary to add 10 ml of concentrated nitric acid at this 
point. Digest on the hot plate at a temperature below the boiling point 
for 1 hour. Remove from the plate and wash down the sides of the 
beaker and the cover glass. Add 10 ml of 18 AT sulfuric acid and evap’ 
orate to fumes. With very ^licious material it is well to break up the 
silica with a glass rod before adding the sulfuric acid. Cool and dilute 
to 50 ml with water. 

If there is any indication of undecomposed mineral in the residue filter 
and wash the residue with hot w'ater. Digest the residue with hot 
ammonium acetate solution to remove lead sulfate and treat the residue 
with sulfuric and hydrofluoric acids (cf. silicate analysis). Then, after 
the removal of the excess acid, fuse with potassium pyrosulfate, dissolve 
the melt in dilute sulfuric acid, and add the solution to that previously 
obtained. 

The next step is to reduce the ferric salt and precipitate copper, bis- 
muth, etc., by treatment with 1 g of 20-mesh aluminum powder at a 
volume of about 50 ml. If it was not necessary to test the residue for 
zinc, the treatment should precede the filtering of the lead sulfate and 
silica precipitate. Add 10 drops of saturated sodium thiosulfate solu- 
tion, cover the beaker with a watch glass, and heat 20 minutes. This 
serves to reduce the iron and precipitate all the copper-group metals 
except about 0.05 per cent of cadmium, which docs no harm. Transfer 
the solution to a 200-ml measuring flask. Make up to the mark, mix, 
and filter through a dry paper. Reject the first 10 ml of runnings and 
take 100 ml for the titration. Transfer the solution to a tall, 400-ml 
beaker, and neutralize with sodium hydroxide solution till a jelly is 
formed (of Al(OH) 3 ) and the acidity corresponds to about 2 drops of 20 
per cent sulfuric acid. Use methyl orange as indicator. Add 3 ml of 5 
per cent sulfuric acid, dilute to 200 ml, and introduce a stream of hydro- 
gen sulfide into the cold solution for 40 minutes, at the rate of at least 8 
bubbles per second. Allow the precipitate to settle for 15 minutes, filter, 
and wash with cold water. 

Wash back the zinc sulfide precipitate into the beaker and rinse out 
the hydrogen sulfide tubing -with 10 ml of concentrated hydrochloric in 
hot water. Run the acid through the filter and wash with hot water. 
Heat the acid until all the zinc sulfide has dissolved and all the hydrogen 
sulfide is expelled. Dilute with cold water to 150 ml, add concentrated 
ammonia imtil slightly alkaline, neutralize with hydrochloric acid, and 
continue as in the standardization of the ferrocyanide solution. 
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21. Determination of Arsenic in Ores. Modified Method of 
Low-Pearce-Bennett 

Of the finely powdered ore, take 0.5 g if the arsenic content is not 
above 10 per cent. If the ore is richer, take only enough to furnish 0.05- 
0.10 g of arsenic. Mix the ore with 2 g of anhydrous sodium carbonate 
and 1.5 g of potassium nitrate in a 30-ml porcelain crucible, and sprinkle 
about 1 g of the fusion mixture on top. Cover the crucible and heat 
very slowly over a small flame, gradually raising the temperature until 
finally the full heat of a good burner is used for 10 minutes. Cool and 
extract with 200 ml of hot water. Filter and wash with hot water until 
all the soluble alkali salts are removed as shown by the litmus test for 
sodium carbonate. In this way all the arsenic is obtained as alkali 
arsenate. 

Make the solution distinctly acid with acetic acid and boil 10 minutes 
to remove carbonate and nitrite. Cool and add sodium hydroxide until 
the solution is basic to phcnolphthalein. Discharge the color with a 
few drops of acetic acid and add 20 ml of 0.1 N silver nitrate solution. 
After the reddish brown precipitate of silver arsenate has coagulated 
sufficiently, filter and wash with cold water till the washings are free 
from silver. Dissolve the silver arsenate by pouring small portions of 
hot 3 N nitric acid through the filter, using about 10 ml of acid in all. 
Dilute and titrate the silver by the Volhard method, p. 648. One millU 
liter of 0.1 N KCNS solution = 0.002499 g of As. 

Remark. This method gives excellent results in the commercial analysis of 
arsenide ores, but chromium and phosphorus interfere as silver chromate and phos* 
phate, etc., behave like the arsenate. 



PART III. GAS ANALYSIS 
CHAPTER XVm 
GENERAL CONSIDERATIONS 


The chemical analysis of gas mixtures is accomplished usually by 
measuring and rarely by weighing the individual constituents, so that 
it is customary to express the results in percentage by volume. Strictly 
speaking, the original gas has each individual constituent throughout 
the entire volume, and the sum of the pressures exerted by the indi- 
vidual constituents is the pressure of the entire gas. When we say that 
ait contains about 20 per cent oxygen and 80 per cent nitrogen by vol- 
ume we mean that if we were to take 20 ml of oxygen and 80 ml of 
nitrogen (both measured at atmospheric pressure) we would have the 
equivalent of 100 ml of air although in the mixture each gas is uni- 
formly distributed and has a volume of 1 00 ml ; the sum of the pres- 
sures exerted by each gas at that volume is equal to the atmospheric 
pressure. Inasmuch as the volume of a gas is influenced to a marked 
degree by the temperature and pressure, it is necessary to reduce each 
measurement to standard conditions of temperature and pressure, and 
further to take care that these remain constant during the whole of the 
analysis. A volume of gas V measured over water at and B mm 
barometric pressure^ is reduced to the volume which it would assume 
at 0®C and 760 nam pressure in a dry condition by means of the formula 
V{B~w) 

“ 760 (1 + at) 

In this formula, To represents the reduced volume,* V the volume 


^ Here is understood the barometer reading reduced to O^C. The reduction is 

accomplished by means of the formula: Bo = ^ ■ B, in which Bg represents the 

1 -f* 


reduced reading, B the actual reading at fo, a the expansion coefficient of mercury 
(= 0 000181), P the linear coefficient of expansion of glass (= 0.0000085). For 
most purposes, however, the reduction to O^G can be made with sufficient accuracy 
by making the following deductions from the actual readings: 


5-12® 1mm 21-28® 3 mm 

13-20® 2 mm 29-35® 4 mm 

* Or volume under standard conditions. 
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of the gas at <®C and B mm pressure, ta the tension of aqueous vapor, 
and a the expansion coefficient of the gas {= 0.003665). 

As, however, a = , the above formula may be written as follows: 

_ V(B - w) 273 
760 (273 + i) 

Instead of reducing the observ'cd volume to the standard conditions 
by computation, it can be effected mechanically by compression (sec 
p. 330). 


The Collection and Confinement of Gas Samples 

Since all gases diffuse rapidly into one another even when separated 
by porous solid bodies or liquids, it is c\'idcnt that the collection of the 
sample and its preservation offer certain difficulties. If a gas is con- 
fined in a bell jar over water and thus kept out of contact with the air, 
it wU be found that different results will be obtained in the analysis of 
the gas from day to day. The mr gradually penetrates through the 
water into the bell jar, and in the same way the gas within the jar grad- 
ually diffuses into the atmosphere. This process nill continue until 
finally the composition of the gas both within and without the jar is 
the same. The rapidity of the diffusion depends upon the extent to 
which the gases are absorbed by the liquid which separates them. 
Those liquids which absorb the gases readily, allow them to pass through 
it rapidly, and consequently cannot be used for keeping the gases apart. 
Of all liquids, mercury is best suited for the purpose, because it absorbs 
only minimum amounts of the different gasrs. 

Gases w’hich combine chemically with mcrcurj’, such as chlorine, 
bromine vapors, and hydrogen sulfide, cannot, of course, be collected 
over mercurj’; it is bes^t to collect them in drj’ glass tubes and to seal 
the tubes by fu.sing together the open cn(b if the gas cannot be analyzed 
imme<liatclj’. Through glass there is no diffusion, so that gases may 
be kept unchanged in sealed tubes for years. 

If the gas is to be analyzed within a few days after the time of col- 
lection, it can be kept in pipet-shaped tubes. Tlio ends are closed by 
thick pieces of nibl>cr tubing into c.ach of which is in-^erted a piece of 
gla«5s stirring rod with rounded ends; where the nibbcr tubing comes in 
contact witii the glass it should be fastcnctl tightly with wirc.s. It is 
not permissible to keep ga«cs in such tubes for a considerable length 
of time, for nibl>cr, particularly when it has become hard, permits the 
diffusion of ga^es to some extent. 
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For less accurate analyses, the gas^ can be collected over water 
which has been previously saturated with the gas to be analyzed, and 
the analysis must be made immediately afterwards. 

From what has been said, it is evident that care must be taken in 
collecting and keeping the gas to be analyzed. We vdll now consider 
briefly a few practical examples. 

(a) Collection of Gases in Accessible Places 

1. Draw out the neck of a 200-ml flask somewhat and insert a glass 
tube (Fig. 95). Draw about 800 ml of the gas to be analyzed through 
the flask by means of suction. Then close the neck of the flask by 
means of a rubber cap and fuse the glas together. 



(6) Collection of Gases from Jnaccess^h Places 

Connect the rubber tubing G, Fig, 9G, on one side with the aspi- 
rator A of about 30-1 capacity and on the other with the source of the 
gas, and allow water to flow quickly from the aspirator. After 5 or 6 I 
has run out, the air is usually completely expelled from the rubber 
tubing and replaced by the gas to be analyzed, so that it is now ready 
for collecting the same. For this purpose, turn the stopcock H 90“’ 
to the right, so that the ve^d R, which is to receive the gas, is in 
communication udth the outer mr, and expel the air from it by raising 
the mercurj' reservoir N. Then turn back the stopcock to the position 
shown in the figure and fill R with the gas by lowering N. As the 
tubing between the T tube and the stopcock^ contained impure gas, 
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again fill R with mercury and expel the gas into the air. After the 
process has been repeated 3 times, fill the receiver for the last time with 
the gas, close //, lower N so that the pressure in the tube is less than 
that of the atmosphere, and fuse together the ends of R first at a then 
at b. During this sealing of the tube, it should be removed from the 
ring-stand so that the tube can be revolved a little while being heated 
in the flame. 

In sealing the tube, draw out the ends into a capillaiy as shown in 
72', Fig. 9G. 

If it is necessary to obtain the gas from places at a very high temper- 
ature, c.g., from blast furnaces, producers, etc., glass lubes would melt, 
and if ordinary iron tubes were not melted they would decompose the 
gas. In this case it is best to use the water-jacketed iron tube de\Tsed 
by St. Claire Devillc and shown in Fig. 97. Cause cold water to run 
into the outer condenser at a and to run out at b, and collect the gas, 
as described above, through the tube c. It is important that the water 
should run through the tube fast enough to keep the inner tube cold; 
otherwise the gas will be decomposed. By this means there is no dif- 
ficulty in collecting gas samples from different heights of the glondng 
layers of coal in blast furnaces or producers, or from smoke stacks. 




Collection of Gases Arining from Mineral Springs 

Connect the receiver R with the funnel T by means of the rubber 
tubing q (Fig. 98). Fill all tlicsc parts of the npparatiLS with spring 
water aiid allow the gas to a'cend through (lie funnel as .shown in the 
illustration. In order that llic ga.s may pass from the funnel into tlic 
receiver, raise /?, m) that only the tubing p remains in the water, and 
lower the funnel nn far as ijossiblc, cauring pressure enough to drive 
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the gas over. Then close the tubing above a by means of a screw- 
cock, place a beaker filled with spring water under p, remove the 
apparatus from the spring, fuse together both ends of R with the blow- 
pipe. If the gas is to be analyzed mthin 2 or 3 days, the receiver may 
be closed by pieces of short rubber tubing each containing a short piece 
of glass rod with rounded ends. All such connections must be fas- 
tened by means of wires where the glass comes in contact with the rubber. 



Collection of Gases Absorbed in Spring Wai^ 

Of the many different methods which have been proposed for the 
analysis of the absorbed gases in spring water, the following is prob- 
ably the most satisfactory. 

Fill the flask A, Fig. 99, with spring water up to its upper edge and 
immediately insert in the neck of the flask and press down the rubber 
stopper containing the tube L, which is fused together at the bottom 
but has an opening on the side at 1. Baise the tube L so that the 
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opening I is within the stopper, thus making an air-tight connection. 
Now connect the bulb K with L, which is half full of distilled water 
and is connected with the capillary tubing C, although the latter is 
not yet connected with the measuring tube B, as shown in the illus- 
tration. Raise the leveling tube N until mercury begins to flow out 
of the right-angled capillary tube, then close the stopcock H. After 
this boil the water in the bulb K (which is held in an inclined position) 
for 3 minutes^ meanwhile warming the capillary tubing connected with 
the measuring tube. Unless this last precaution is taken, the capillary 
tubing is likely to break, particularly in winter. After the water in K 
has boiled vigorously for 3 minutes, remove the flame, quickly connect 
C Viith the measuring tube B, and securely fasten the rubber connection 
with wire. By boiling the water in K, a complete vacuum is produced 
in the bulb, so that the gas can be collected at once from the spring 
water. For this purpose press down the tube L through the rubber 
stopper until the opening I comes just below its lower edge, lower the 
leveling tube N, and open the stopcock H. At once there is a lively 
evolution of gas from the water in A, and this is subsequently main- 
tained by warming the water. As soon as the cudfometer is full, close 
the stopcock and read the volume of the gas after bringing the mercury 
to the same level in N tliat it is in B. At the same time note the tem- 
perature of the water in the condenser M and read the barometer. 
Drive over the gas into the Orsat tube, 0, containing potassium hy- 
droxide solution (1 ; 2), and allow it to remain there for the time being. 
Meanwhile continue boiling the water in A, and measuring the gas in 
B, etc., until finally no more gas can evolve from the spring water. 
Drive over all the gas into the Orsat tube, after its volume has been 
noted; by means of the caustic potash, the carbonic acid is quan- 
titatively absorbed. Again drive the unabsorbod gas over into B and 
read its volume. By correctly regulating the velocity of the current of 
water flowing through the condenser, it is easily possible to maintain 
a constant temperature throughout the whole of the experiment. The 
residual gas remaining after the absorption of the carbon dioxide con- 
sists usually of nitrogen, oxygen, and in some cases methane. Transfer 
it to the apparatus of Hempel, and analyze according to methods which 
Viill be described further on. 

According to this method, the determination of nitrogen, oxj’gcn 
and methane gives exact results, but the apparent amount of carbon 
dioxide is sometimes too much and sometimes too little. If the water 
contains large amounts of bicarbonate in solution, the carbonic acid 
found will represent more than was originally present in the free state 
for such substances arc partly decomposed by boiling their aqueous 
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solution. On the other hand, if only a little bicarbonate is present, the 
result will be too low, for it is not possible to remove all the free carbonic 
acid from a solution by boiling it in a vacuum. 

Consequently, in all cases the free carbonic acid must be determined 
by computation. For this purpose determine the total carbonic acid 
in a fresh sample of the water, according to p.336, and then, if the com- 
position of the solid constituents present is known, the volume of the 
free carbonic acid can be calculated. 

Example. One thousand grams of Tarasper-Lucius water contains 7,877 g of 
total carbonic acid. Of this amount, a part is present in the water as bicarbonate, 
and the remainder is free carbonic acid. If from the total amount of carbonic acid 
the combined acid is deducted, the difference represents the amount of free carbonic 
acid present. 


Calculation of the Carhonic Acid Present as Bicarbonate 

This is obtained by multijilying the difference between the cations 
and anions (expressed in gram equivalents) by the molecular weight of 
HCOa, because the sum of the cations in every salt solution is equal to 
that of the anions present when both are expressed in gram equivalents. 

The gram equivalents are obtained by dividing the weight in grams 
of each element (or radical) by the respective atomic (or molecular) 
weight and multiplying by the valence. 

By boiling 828.3 g of the water, 1868.9 ml of CO 2 was obtained 
at 8.4® and 651 mm pressure, containing only traces of nitrogen. This 
corresponds to 1851 ml per liter, at 0® and 760 mm pressure, which is 
more than the calculated amount, because by boiling some of the 
bicarbonate was decomposed. 

CALCULATION OF THE MILLIEQUIVALENTS 


1000 g (if Lucius tcaier contains: 


Cations 

Wu in mg 

MiUiequivalents 

Potassium 

m 

4.24 

Sodium (Na'*’) 

3906 

169.4 

Lithium (Li"^) 

0 

1.30 

Ammomum {NH*'*") 


0.72 

Calcium (Ca"*^) 

627 

31.34 

Strontium (Sr^) 


0.20 

Magnesium (Mg+^) 

190 

16.60 

Iron (Fe'^) 

6 

0.20 

Manganese (Mn'*^) 

0.2 

0.008 

Aluminum 

0.6 

0.072 


Sum of cations 223.08 miUiequivalents 
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AnioTis 

Chloride (Cl") 

Bromide (Br“) 

Iodide (I") 

Sulfate (SO4"") 

Hydrophosphate (HPO«"") 

Hydrocarbonate (HCOi) . 

Sum of cations 223 1 
Sum of anions 104. 1 

Bicarbonate ions 119 0 = 119 X 0.06101 = 7.262 g HCOj = 5.240 g COj 

CALCULATION OF FREE CARBONIC ACID 

Total COs = 7.877 g; combined COj = 5.240 g; free CO* = 2.637 g = 1334 ml 
at 0® and 760 mm pressure. 

If the amount of bicarbonate present is very small, the total amount 
of carbonic acid obtained by boiling the water is always too small. 
Thus with the thermal water of Baden, by boiling there was obtained: 

Nitrogen 14.43 ml per liter 

Carbon dioxide 112.12 ml per liter 

126.55 ml per liter 

and from the analysis, the free carbonic acid was computed to be 180.62 
ml. The absorbed gas in the thermal water of Baden is, therefore, 

Nitrogen 14.43 m! per liter 

Carbon dioxide 180.52 ml per liter 

194. 95 ml per liter 

Remark. With the above method of collecting the gas, it is difficult to prevent 
some water getting into the measuring tube B, by means of which a small amount 
of the gas will be reabsorbed This difficulty is avoided, however, if the flask shown 
in Fig 100 is used to contain the water. 

This flask is provided with a short tube blown into its neck near the top and con- 
nected by means of thick-walled rubber tubing with the mercury reservoir R. In 
order to determine the contents of the flask, make a scratch on the small tube about 
4 cm from the neck of the flask, drive over the mercury Just to this mark, and tightly 
close the rubber tubing by means of a screwcock. Then empty the reservoir of 
mercury, and weigh the flask together mth the stopper, glass tube L, rubber tubing, 
and what mercury remains above Q Next fill the flask with water, press down the 
stopper to the mark in the neck of the fladc, and raise the tube L until the lower 
opening I comes within the stopper. After drying the tube L with blotting paper, 
weigh the flask and its contents. Etch its capacity upon the bulb of the flask. 

For the determination of the gases absorbed in a liquid, fill the flask A in the same 
way as in the determination of its capadty, connect the bulb tube K, half filled with 
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distilled water, with L, and connect L with a capillary tube as shown in Fig 99. Re- 
move the air from K and the capillary tubii^ by boiling the water in K, as described 
on p. 676, and then connect the capillary with the naeasuring tube B, Fig. 99. Next 
connect the heavy rubber tubing with the reservoir as shown in Fig. 100, and place 
the latter in a beaker of hot water. Introduce the tube L into the neck of the flask 



until the opening I can just be seen, and expel the gas in the same way as described 
on p. 675, except that this time the liquid is not allowed to rise so high in K. After 
three-quarters of an hoxir the gas will be completely expelled from the liquid. Drive 
over the last portions of the gas into B by lowering the leveling tube N (Fig. 99), 
rmsing the mercury reservoir R (Fig. 100), and carefully opening the screw clamp Q- 
A warm stream of mercury will then flow into the flask, expelling the gas into the 
measuring tube. As soon as the liquid in A has been driven over aa far as the stop- 
cock, H, immediately close H. Otherwise the procedure is the same as was described 
on p. 675. 

The Transference of Gases in Sealed Tubes to the Apparatus 
Used for the Analysis 

Assume the gas to be contained in R, Fig. 101. Place a piece of 
thick-walled rubber tubing, contmning a piece of heavy tubing r, over 
one of the short tubes connected with the three-way stopcock H. Turn 
the stopcock so that the rubber tubing is above it, and fill the tubing 
with mercury. Then turn H 180® toward the left so that the left and 
upper tubes communicate with each other. As soon as the mercury 
begins to run out, close the stopcock. Then introduce one end of R 
into the rubber tubing containing the mercury so far that its drawn-out 
point reaches within r, and fasten the rubber tubing securely by wiring, 
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using annealed iron wire because copper or brass wire would be likely , 
to become amalgamated mth mercury. In a similar way, connect 
the other end of R with the rubber tubing filled with mercury of the 
leveling tube N, and after this connect the stopcock H with the meas- 



uring apparatus W by means of the capillary tubing E. By raising 
the leveling bulb K, expel the air from W and the capillary E, and 
allow mercury to rise in the funnel T. Turn the stopcock H so that 
communication is established between R and TF, and open the ends of 
R by pressing the capillaries against r and r'. Then, by raising N 
and lowering K, drive over the gas into IT. 

Calibrating Gas Measuring Vessels 

When vessels arc purchased to be used in measuring gases, the cor- 
rectness of the calibrations should always be tested; the testing can 
be done with water or with mercurj’. The calibration with W'ater is 
carried out in exactly the same way as was described for vessels to be 
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used in measuring liquids (cf. pp, 437-440). The calibration by means 
of mercury will be illustrated by an example. Assume that it is de- 
sired to calibrate the apparatus shown in Fig. 102. The vessel must 
be thoroughly cleaned (cf. p. 437) and then placed in a vertical position 
as shown in Fig. 102. Connect the lower capillary a by means of 
thick-walled rubber tubing with a leveling vessel containing mercury, 
and cause the mercury to rise slowly in the 
vessel to a little above upper mark. Then close 
the stopcock, remove the leveling tube together 
with the rubber tubing, and allow' the mercury’ 
to flow' out slowly until the highest point in the 
meniscus is exactly tangent to the horizontal 
plane tluough aW. To avoid a parallax error, 
take the reading with a telescope placed 2 or 3 
mm away from the glass. Next allow the entire 
contents of the vessel, including the space in the 
stopcock, to run into a tared flask, and weigh 
to the nearest centigram. After determining the 
temperature of the mercury, its volume can be 
found by means of the table (p. 681) prepared 
by Schlosser.* 

If the weight of the mercury at 20.3® amounted 
to 2025.2G g., then its volume corresponds to 

2025.26 _ , 

= 149.41. Smee, however, mercuryforms 


Fia. 102. 


13.5483 

a convex meniscus and the volume is desired 
up to the plane exa', it is evident that the vol- 
ume of mercury weighed did not include the 
space a’cc~aa\ and, moreover, since the instru- 
ment is to be used in the reversed position, the 
error is really twice as much, as is evident 
from the inspection of Fig. IttJ I. This is called the double meniscus 
correction. Its value is dependent upon the bore of the tube, as is 
shown by the table on p. 682, 

If the diameter of the vessel in question is 20 mm, then the correc- 
tion, according to the table, would be 4.016 g, and the true volume 
2025.26 + 4.02 2029.28 


will be ■ 


: 149.78. The volume of this in- 


13.5473 13.5483 

strument, therefore, is 0.22 cm less than the intended 160 ml. The vol- 
ume of the narrower parts of the tube can be found in a similar manner. 


' Schlosser and Grimm, Z. Chem. App^^Kundet 2, 201 (1907). 
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The diameter of the tube is best determined by filling with mercury 
up to a mark, then allowing it to run out until a lower mark is reached, 
weighing the escaped mercury, and measuring the distance between 
the two marks with a millimeter rule. If the weight of the mercury is p, 
the distance between the marks h, the temperature of the mercuiy 
20.3°, then the 

WEIGHT OF 1 ML OF MERCURY IN AIR AT TEMPERATURES 
BETWEEN 15“ AND 30“ 


Normal temperature 15“ 


Temperature Weight 
of Mercury 

Temperature Weight 
of Mercury 

Temperature Weight 
of Mercury 

“C 

e 

“C 

6 

“C 

e 

15 

13.5593 

20 

13 5489 

25 

13.5385 

15.5 

13.5583 

20.5 

13.5479 

25.6 

13.5374 

16 

13 5573 

21 

13.5408 

26 

13.5364 

16.5 

13.5562 

21.5 

13.6458 

26.6 

13.5353 

17 

13.6552 

22 

13.5447 

27 

13.5343 

17.5 

IS 5541 

22.6 

13.5437 

27.5 

13.5332 

18 

13.5531 

23 

13 5426 

28 

13,5322 

18 5 

13.5520 

23 5 

13 M16 

28.5 

13.5312 

19 

13 5510 

24 

13.5405 

29 

13.6301 

19.5 

13.5499 

24.5 

13.5395 

29.5 

30 

13.5291 

13.5280 


In many cases it is sufficiently accurate to compute the diameter 
from the circumference of the tube and then subtract twice the thick- 
ness of the glass. 

If it is desired to determine the total volume of a tube provided 
with stopcocks at both ends, the apparatus is weighed empty and then 
filled with mercury. In this case, it is obvious that no meniscus cor- 
rection is necessary. 

For a measuring vessel calibrated with water, when in a reversed 
position, the meniscus correction is obtained from the table on p. 682. 
If an instrument calibrated with water is to be used subsequently with 
mercury, the water meniscus in calibrating the reversed tube occupies 
a position similar to that of the mercury meniscus when the instrument 
is in use (sec Fig. 103) but the mercury meniscus is not so deep as that 
of the water. The volume of the gas is therefore found as much too 
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TABLE OF MENISCUS CORRECTIONS* 


Diameter of 
Tube in mm 

Double Meniscus 
Correction for Hg in 
mg 

Double Meniscus 
Correction for HiO in 

1 mg =* milliliters 

Simple Meniscus Cor- 
rection (HiO — Hg) 
in milliliters 

3 

76 

12 

3 

4 

103 

20 

6 

5 

174 

31 

9 

6 

314 

44 

10 

7 

550 

61 

10 

8 

790 

81 

11 

9 

1038 

106 

15 

10 

1288 

134 1 

20 

11 

1540 

167 ' 

27 

12 

1796 

204 

36 

13 

2058 

245 

46 

14 1 

2326 

289 

59 

15 

2596 

336 

72 

16 ' 

2S72 

387 

88 

17 

3152 

441 

104 

18 

3436 

499 

123 

19 

3726 

560 

143 

20 

4016 

624 

164 

21 

4314 

691 

187 

22 

4614 

757 

20S 

23 

4920 

821 

229 

24 

5230 

881 

, 247 

25 

5544 

938 

j 264 

26 

5864 

991 

279 

27 

6185 

1042 

293 

28 

6515 

1090 

308 

29 

6845 

1135 

1 315 

30 

7182 

1179 

321 


* W. ScMSsser. Private Communication 


large as there is difference between the simple meniscus corrections for 
water and mercury. Thus if the volume of a gas-measuring instrument 
of 10-mm diameter is found by weighing with water to be 10.167, 
according to the above table, then if the instrument is to be used 
with mercury, the gas volume will be 10.167 — 0.020 = 10.147 ml. 

Purification of Mercury. Lothar Meyer’s Method^ 

The mercury used for gas-analytical operations must be purified. 
The principal impurities are copper, cadmium, zinc, and sometimes 

» Z. anal. Ckem., 2, 241 (1863). C. J. Moore {Chem.-Ztg., 1910, 735) has used a 
amilar apparatus for purifying large quantities of mercury, but filters through 
buckskin before allowing it to fall throu^ the acid. 
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silver and gold. The base metals are removed most readily by allow- 
ing the mercury to run in a fine stream through about a meter of 8 per 
cent nitric acid. This is done in the apparatus shown in Fig. 104. 
First fill the bottom of the tube B with impure mercury and add the 
nitric acid. Then pour the mercuiy through the funnel A, the stem 



Fio. 103. Fjg. 104. 


of which is drawn out to a capillary and bent to an angle of CO®. This 
causes the mercury to take a zigzag course as it flows slowly through 
the nitric acid. The dry mercury that first passes over into the flask 
C is impure and must be poured into the funnel and allowed to flow 
through the acid. In this way a fairly pure mercury is obtained which 
can be used as it is for most purposes. If the mercury is to be used for 
calibrating apparatus, it must be distilled. 

For this purpose, Hulett’s apparatus, shown in Fig. 105, can be used. 
Place the mercury in the long-necked flask k and connect with the 
receiver V. Cover the flask with a mantle of asbestos paper and heat 
on the sand bath. Through the arm a, connect the receiver with a 
suction pump and introduce into the flask, through b and the long glass 
tube that ends in a capillary, a slow current of nitrogen (or carbon 
dioxide) which has been dried by pasring over calcium chloride. Reg- 
ulate the distillation so that the mercury condenses in the glass arm s 
where it leaves the mantle of asbestos paper. About 150-200 ml of 
mercury can be distilled in an hour with this apparatus. Frequently 
especially when the nitrogen used contmns a little oxygen, the distilled 
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mercury is covered with a thin coating of ojdde. Tins may be removed 
by filtration. To filter the mercury, perforate the point of a paper filter 
several times with a needle, place the filter in a funnel, and pour the 
mercury upon the filter. The pure metal runs through the holes in 
the paper while the impurity remains behind. 


b 



For the distillation of large quantities of mercury the apparatus’ 
shown in Fig. 106 is suitable. Place the mercury in the container R 
(an inverted bottle \vith the bottom cut off). The tubing that rises 
above R is about 5 mm in diameter and that below is only 2 mm wide. 
The flask K has a capacity of about 3(K) ml and is fastened by a clamp 
to an iron rod attached to the wall of the room. The lower end of the 
long neck of K reaches nearly to the bottom of R. By suction applied 
at a produce a partial vacuum in K. This causes mercury to rise in 
the tube from R into K. Light the ring burner at B-B' upon which 
the flask K rests. Keep the suction working. The mercury soon 
boils and the vapor escapes into the tube but is condensed by the cooler 
liquid and falls in drops into the vessel c. As soon as all the air has been 
expelled from K, the lower half of the tube fills with mercury to a height 
corresponding to the atmospheric pressure. The vessel c also fills. At 
this point remove from a the rubber tubing that leads to the source of 


Apparatus of M. Gony. 
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the suction and collect the drop- 
ping mercury in a flask. 

To protect the flask 7C, wrap 
the lower half with wire gauze D 
and cover the upper half with a 
loose asbestos cap. 

Errors Due to Temperature and 
Pressure Changes 

From the equation on p. 671 it follows 
that a change of 1” in temperature on 
the Centigrade scale causes an error of 
about 0.37 ml on a volume of 100 ml of 
gas. A change greater than this may 
result from a change in room temperature 
or from the burning of combustible gases 
in the explosion pipet. It is necessary, 
therefore, in accurate work either to cor- 
rect each reading or to maintain a con- 
stant temperature by enclosing the gas 
buret in a water mantle of about twice 
its size, The specific heat of a gas is 
small compared wdth that of water, and 
this water jacket Is effective if the tem- 
perature of the laboratory is constant. 
This is more likely to be the case today 
with the heating of buildings controlled 
by thermostats In routine work, when 
the onalysis is started with the water in 
tile jacket at room temperature, and the 
analysis is finished in less than an hour, 
the water jacket serves to prevent errors 
duo to expansion or contraction of the 
measured gas by temperature changes 
and also to prevent error arising from 
the fact that the tension of water vapor 
vanes with the temperature. This is 
important if the gas is measured over 
water. 

A change of about 25 mm in the barom- 
eter reading, which is about the maxi- 
mum variation under ordinarj* weather 
causes a change in a ga.s volume of 
about 3 33 per cent. Rarely docs the 
barometer change more than 4 mm in an 
hour, but this can cause an error of 
about 05 per cent This error is pre- 

'■enCed bj attaching a compcns.ating dc- 
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SUBDIVISIONS OF GAS ANALYSIS 
Subdivisions of Gas Malysis 

According to the manner of determining the amount of gas, a dis- 
tinction is made between: 

1. Absorption Methods. 

2. Combustion Methods. 

3. Titrimeiric Methods. 

Some gases, such as argon, neon, helium, and mixtures of some 
hydrocarbons, can be determined only mechanically as by liquefaction 
and fractional distillation, by dissolving in a liquid, or by freezing. 

In an absorption method the mixture of gases is treated with a series 
of absorbents. The difference in the volumes of the gas before and 
after it has been acted upon by each absorbent represents the amount 
of gas absorbed. The absorption of the gas may take place in the 
measuring tube itself, or better, in separate absorption vessels. 

In this way, the amount of carbon dioxide, heavy hydrocarbons 
(ethylene, benzene, acetylene, etc.), oj^gen, and carbon monoxide may 
bo determined in illuminating gas, producer gas, water gas, or Dowson 
gas. 

After the constituents capable of absorption have been removed, a 
gas residue is left consisting of hydrogen, methane, and nitrogen; 
the first two constituents arc determined by combustion; the last is 
always determined by subtracting the total amount of other gases found 
from 100 per cent. 

For a combustion analysis the unabsorbed constituents of the gas 
mixture are mixed with air, or oxygen, in more than sufficient amount 
to ensure complete combustion, and burnt in a suitable apparatus; the 
amount of combustible gas is determined by measuring the contraction, 
the amount of carbon dioxide formed, and the excess of oxygen. 

Finally, if the gas evolved by means of a chemical reaction is meas- 
ured, and from the volume of the gas the weight of the body producing 
it is calculated, we have made use of what is called a gas-volumetric 
method. (Cf. “ Determination of Carbonic and Nitric Acids,” pp. 
329 and 386.) 



CHAPTER XIX 

DETERMINATION OF SOME COMMON GASES 


1. Carbon Dioxide, CO^. Mol. Wt. 44.01 

Density = 1.5290^ (air = 1). "Weight of 1 1 « 1.976 g 
Molar volume = 22.261. Critical temperature = +31.5®C 

Carbon dioxide is absorbed to a conaderable extent by water; 1 vol. 
water absorbs; at 0®, 1.7967 ml CO2; at 15®, 1.0003 ml CO3; at 25®, 
0.8S43 ml CO2, or in general 

^ = 1.7967 - 0.07761 X t + 0.001G424 X 

Absorbents. When it is desired to determine only CO 2 in a gas 
nuxture, the use of a solid absorbent such as Ascarite (cf. p. 326) is 
best, and in such cases the determination is based on the gain in weight 
of the tube containing the absorbent. In technical gas analysis, how- 
ever, solutions of potassium hydroxide, sodium hydroxide, or barium 
hydroxide are used. 

Potassium Hydroxide. Dissolve 360 g of pure, electrolytic potassium 
hydrojdde in about 500 ml of water and dilute to 1 1. 

During the last fifty years probably potassium hydroxide has been 
used more than any other reagent for absorbing CO 2 . In combustion 
analysis (pp. 344, 354) the use of a solid absorbent is now preferred 
although some chemists still use a weighed bulb containing potassium 
hydroxide solution. In ordinary gas analysis, the gas can be passed 
through the absorbent, back and forth, several times, but in combustion 
work the gas goes through the apparatus only once. When a Geissler 
.tube (p. 355) is used the gas must pass through it quite slowly and 


* This number is the mean from the observations of Lord Rayleigh (1897) = 
1.52909, Leduc (1898) = 1.52874, and Christie (1905) * 1.52930. 

* ^ is called the absorption coefficient of the gas. This signifies the volume of 
gas, measured at 0“ and 760 mm pressure, which 1 ml of a liquid at t* will absorb 
when the pressure upon the surface of the liquid is 760 mm. If h ml of liquid, at 
t® and B mm pressure, absorbs F ml of the gas, then the absorption coefficient can 


be computed by the equation: p = 


V 

HI +al) 
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there is likely to be some loss of moisture escaping through the small 
drying tube at the exit end of the tube. With a dry absorbent in a 
tube fitted with capillary entrance and exit tubes, the gas can be 
absorbed much more rapidly and the loss of moisture easily prevented. 
One milliliter of the potassium hydroxide solution prepared as Just 
described can be expected to absorb efficiently at least 30 ml of CO 2 
(about 0.15 g) measured at room temperature and pressure of 1 atmos- 
phere. 

Sodium Hydroxide. Dissolve 315 g of pure electrolytic sodium 
hydroxide in water and dilute to 1 1. Potassium hydroxide has been 
preferred by many chemists because KHCO3 is more soluble in the al- 
kaline solution than NaHCOs is and consequently can be used to absorb 
more CO2 without any solid separating. Sodium hydroxide is cheaper, 
and its solutions do not have a tendency to foam when gas is bubbled 
through them. The two solutions arc equally efficient. 

Barium Hydroxide. When the CO 2 content of a gas mixture is 
small, as in air, some chemists prefer to use barium hydroxide solution. 
Tims, in air analysis, a largo sample of air can be shaken with a small 
volume of standardized Ba(OH )2 and the determination based on the 
titration of the unnoutralizcd base to a phcnolphthalcin end point 
(cf. pp. 498, 521). 

If the gas analyzed contains other constituents of an acid nature 
such as SOj, HsS, HCN, or (CN) 2 , they should bo removed before any 
attempt to determine tlic COj or they will also bo absorbed by the 
above-mentioned solutions. The caustic alkali solutions also absorb 
some of the illuminants, particularly C«H«, until they have become 
saturated with them. 

2. Carbonyl Sulfide, COS. Mol. Wt. 60.07 

Density = 2.0990 (.lir 1) Weight of 1 1 » 2 Tlf) r. Molar volume = 22.131. 

Boiling point —47.5®. Dcn‘?ity of liquid COS, 1 OGOI. Critical temperature, 
between 01® and 102® 

Vapor prc’wurc of liquid CO.S in ntmoopbcrcs: 0® = 14 5, 5® == 17 4, 22 S® *» 20 3 
41® » 2S 1. 67® = 30.7, 74® = 48.4, 01® = 62 9, 102® = w . 

Carbonj'l sulfide i'^ colorle«5s, odorlcs.'^, and to.stelc.'vs. It shows the 
followiiig behavior toward reagents: 

1. ll’afcr absorbs an equal volume of pa*? at ordinary temperaturas. 
Tlip solution is odorles.'? and tasteless at first but soon hj’drolyzcs sUghth’ • 
COS + HiO = COj -f- Il.s. 

2. Dihite cnustic potnah solution docs not nl>«orb COS mtich l>cttcr 
than water doc.*^. Coucentrated caustic potash solution ali^rbs it, form- 
ing jKJtassimn carlwnatc and sulfide: COS -f 4KOII *= KsCOj -f- KjS 
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ard conditions. It may be assumed, without serious error, that an 
equal volume of CO 2 was formed from it. 

The absorption reaction is: 

COS 4- 4 H 202 + Ca + 4 NH 3 CaCOs + SOr" + 4 NH 4 + + 2 H 2 O 

The CO 2 originally present is 

(T — f)1.113 — 94.8 p = ml COj at 0“ and 760 mm 

Remark. This method of analysis is suitable for the determination of large 
quantities of COS and COj. If but little COS is present mixed with considerable 
COj, Dede^ recommends passing 25 1 of the gas through palladous chloride solution 
heated to 50®, The COS is decomposed quantitatively into an equivalent quantity 
of PdS. Filter off the precipitate, dissolve it m hydrochloric acid and potassium 
chlorate, and detenmne the Bulfut as barium sulfate. 


2. Determination of COS, and COj in a Mixture 

First determine the hydrogen sulfide content by bubbling the gas 
through a measured volume of 0.1 N iodine solution until it is nearly 
decolorized. Determine the excess of iodine by titration with sodium 
thiosulfate solution. If t ml of 0.1 N iodine was used in reaction with 
HsS, then 1.108 t ml of HjS was present, measured under standard 
conditions. This corresponds to 0.01167 t g BaSO^. 

In a second equally large volume of the gas absorb the three gases in 
an ammoniacal solution of calcium chloride. Afterwards boil with hy- 
drogen peroxide and continue the analysis as in method A. Assume 
that ii ml of 0,1 N acid was neutralized by the calcium carbonate and 
that p g of BaSO* was formed. Then 

COS = (p - f X 0.01167)94.8 ml at 0'^ and 760 mm 
COs = f, X 1.113 - (p - ( X 0.01107)94,8 ml at O'* and 760 mm 
The Heavy Hydrocarbons (Illuminants) 

Ethylene (Ethenc), C 2 H 4 ; Benzene, CeHe; Acetylene (Ethine), C 2 H 2 


3. Ethylene,* C3H4. Mol. Wt. 28.06 

Density ■» 0 073S (nir - 1) Weight of 1 1 «= 1.250 g* 
Molar volume - 22,27. CriUcsl temperature = 4-9®C 


*CAm. Ztg, 1914, 1075 
* And iU homologs. 

»T. Batucca.s Hclc. Chim Acia, 1, 130 (1018). 
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Ahsorplim Coefficient for Water 

One volume of water absorbs at 0® 0.256 ml C 2 H 4 ; at 15®, 0.161 ml 
C2H4; at 20®, 0.149 ml C2H4; or in general, B = 0.2563 - 0.009136i + 
0 . 0001881 £^ 

Alcohol absorbs more ethylene; the general formula is 5 = 3.5945 — 
0,07716‘£ + 0.0006812-i^ 

Absorbents. Fuming sulfuric acid (with 20-25 per cent free SO3) 
also called oleum (cf. p. 509), is used when no separation of the illu- 
minants is desired. It can be purchased or prepared by heating con- 
centrated sulfuric acid and passing the fumes into a cooled receiver 
containing concentrated sulfuric acid. It is really a mixture of H2SO4 
and pyrosulfuric acid, H 2 S 20 r, although the analyst usually regards it 
merely as a solution of SO3 in H2SO4. Pyrosulfuric acid is a well- 
defined chemical compound which melte at 35®. Ethylene reacts with 
fuming sulfuric acid to form ethyl sulfuric acid, C2H5SO4H, and ethyl 
pyrosulfuric acid, GaH^SaOiH. 

Fuming sulfuric acid absorbs the higher hydrocarbons of the methane 
series probably without chemical combination. It absorbs benzene, 
CeHe, to form benzene sulfonic acid, CjHsSOsH, and acetylene to form 
acetylene sulfate, C 2 H^ 04 . By prolonged contact it also absorbs 
some ethane, C 2 H«, but in ordinary practice the quantity is negligible. 
When a gas is passed through fuming sulfuric acid, the unabsorbed 
gas always carries SO 3 fumes away with it; these must be absorbed 
by the caustic potash pipet before measuring the unabsorbed gas 
residue. 

Bromine. A saturated solution of bromine in 5 per cent potassium 
bromide solution can be used for absorbing the illuminants, but it is 
not suitable for use in gas pipets. It reacts with ethylene to form 
ethylene dibromide, C 2 H 4 Br 2 , and with propylene to form propylene 
dibromide, C 3 H 6 Br 2 . With benzene it forms bromobenzene, but it 
does not absorb benzene as well as fuming sulfuric acid do^ and the 
bromination probably does not stop at the monosubstitution product. 
An aqueous solution of bromine can also be used for absorbing ethylene. 
If the concentration of the solution is known the excess can be measured 
by titrating iodimetrically after the absorption. This is an excellent 
method for determining ethylene in the presence of benzene. 

Bdlladous Chloride. A 0.5 to 1.0 per cent solution of PdCU is re- 
duced to palladium by carbon monoxide or by ethylene and its homo- 
logs. 

PdCls + CO + H 2 O = 2HC1 + Pd + CO 2 
PdCU + C 2 H 4 = CaHiCh -b Pd 
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Tlic precipitate of palladium black is easily recognized, and it is possible 
to detect 0.2 per cent ethylene when 100 ml of a gas mixture is slowly 
passctl through 30 to 40 ml of PdCla- The solution is not suitable for 
use in pipets, Vmt the test is excellent for qualitative purposes. Hy- 
drogen, however, abo reacts slowly uith the reagent. 

Tlic best method for separating the indUidunl illuminants involves 
fractional distillation. The Bureau of Mines, however, has successfully 
used sulfuric acid of difTcrent strcngtlis in the pre.scncc of nickel and 
silver sulfates for separating ethylene, propylene, and butylene in the 
absence of carbon monoxide. Passing the gas through sulfuric acid of 
different dcnritics also effects a rotigli separation in the absence of 
catalyzers. Ammoniacal cuprous chloride solution will also absorb 
ethylene. 

4. Benzene, CeH(. Mol. Wt. 78.11 

Benzene is n liquid which boiU at SO.l*. To the extent tliat it ts present ns gas, 
it can Iw a.ssumed that tlic molar volume is 22.30 1. 

Benzene is readily soluble in alcohol, ether, carbon bisulfide, caout- 
chouc, ethylene bromulc, bromiitc, and fuming stilfuric acid. 

Absorbents. Fianing suljune aa<F and hrormne voter containing an 
excess of hrominc. After tlto solution ha.s i) 0 cn used once, the absorp- 
tion is incomplete. 

Inasmuch as l^nzcnc is neither brominatc<l nor oxidized by bromine 
at ordinniy temperatures, it was difliailt to understand why bromine 
water .«ho\jld absorb it quantitatively. In fact, Bcrthclot^ and Cl. 
^Yinkler* <lisputed it, but the residts of Treadwell and Stoke.s^ have 
l>oen confinnctl by Halvr. IIaIkt sugKe.<"ted that the nb^orjition of 
iK-nzonc by bmminc wa.s of a |«irely phyric.al nature, andM. Korbuly* 
has shown tins to be true. Ju.sl as hrominc can Ixi removed from 
aqueous Polulion by shaking with Ix^nzcne, so iK'nzcno can Ikj removed 
by pli.aking with bromine, or even ethylene hromide and like Folvcnt.s. 

By me.ans of Inghly concentrat<*<l nitric acid (d 1.52) l>enzenc is also 
nb-orl>od; tins polvent cannot l>c iis«l in the nnaly.-is of ga=es contain- 
ing e.arlHin monoxide, for this pas is qijantitativcly o\idize<l to e.arl>on 
dioxide by nitric ari<l of tins hirength, and is therefore remcivetl with the 
iK'nrrnc® wlien tlie acid vaixirsan* ncutnihie<l by c.auplic potash solution. 

• IVnrrnp nirnnle nri<l w formtsl, 

*Cotn^ m.<! , 83, liV'i 

o-.ni 1850. p 2SI. 

*Trr-vlwfll Rn<l StoVr*. f/v o.'. 

' Invic. Ziin^h, 1003 

• TrrijHrn an-l /.W . 21. 3131 (IW). 



694 


DETERMINATION OF SOME COMMON GASES 


Behavior of Benzene to Water 

Benzene vapors are absorbed to a considerable extent by water and 
all aqueous salt solutions, a drcumstance which must be considered 
when an exact analysis is to be made. To determine how much 
benzene is absorbed by water, M. Korbuly performed the following 
experiments: 

Different amounts of air containing 3.16 per cent of benzene vapor 
were shaken in a Drehschmidt*s pipct with the same amount of water 
(5 ml) until no more beilzene was absorbed. He obtained the fol- 
lowing results: 


Experiment 

1 1 

Gas Taken, ml 

Per Cent Benzene 
Present by Volume 

' Percentage of Benzene 
Absorbed at the 

End of 3 Minutes 

1 

58.92 

3.16 

1.2Sml«2.l7 

2 

61.14 

3.16 

0.80 ml » 1.31 

3 

68.32 

3.16 

0.52 ml «0.89 

4 

59.86 1 

3.16 

0.44 ml - 0.73 

5 

60.78 

3.16 

0.28 ml « 0.46 

6 

59.88 

3.16 

0,08 ml 0.01 

7 

60.20 

3.16 

0.02 ml » 0.00 


Potassium hydroxide behaves similarly. 

In the analysis of a mixture of carbon dioxide and benzene, it is 
customary firet to remove the carbon dioxide by means of potassium 
hydroxide solution and then the benzene with fuming sulfuric acid or 
bromine. It is evident, then, that both of the results obtained will be 
inaccurate if a fresh solution of potassium hydroxide is used for the 
absorption of the carbon dioxide, for this will absorb not only the whole 
of the carbon dioxide, but in many cases nearly all the benzene. Ac- 
curate results may be obtained by using a solution of potassium 1^- 
droxide which has been saturated with benzene vapora. 


6. Acetylene, CjHt. Mol. Wt. 26.04 

Density « 0.6087 {air = l),i Weight of 1 1 « 1,175 g 
Molar volume — 22.03 L Critical temperature +37®C 
Boiling point «= —80,6*0 

Acetylene is qmte soluble in water; 1 volume of water at the ordinary 
temperature absorbs an equal volume of this gas. In amyl alcohol, 

* M. Bretscbger (Inaug. Dissert, ZOrieh, 1911), M. Stahrfoss and P. A, Guye 
{Arch. sci. phys. nai^ 28, 1909). Hie mean of their two values is used. 
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chloroform, benzene, glacial acetic acid, and acetone it is much more 
soluble; thus 1 volume of acetone absorbs 31 volumes of acetylene.^ 

Absorbents. Fuming sulfuric acid.* By saturated bromine water, 
acetylene is absorbed rapidly in the cold, but 0.1 iV bromine water con- 
taining hydrochloric acid absorbs acetylene so slowly that it permits 
the titration of ethylene in the presence of acetylene (see p. 737). 

By means of ammoniacal cuprous chloride, acetylene is absorbed 
and forms red copper acctylide Cu — C s C — Cu. This reaction is 
so characteristic that it is used for the 

Qualitative Detection of Ace^lene 

in gas mixtures. This test is best performed by the method of L. 
Ilosvay von Nagy Ilosva.® 

Preparation of the Reagent. Place 1 g of copper nitrate (chloride 
or sulfate) in a 50-ml measuring flask and dissolve in a little w'ater. 
To the solution, add 4 ml of concentrated ammonia (20-21 per cent 
NHj) and 3 g of hydroxylamine hydrochloride. Shake the liquid until 
it becomes colorless, and immediately dilute ndth water up to tho 
mark. 

The QuaUtative Test. Place a little of the reagent in a 500-ml 
glass-stoppered cylinder and pass the gas to be tested for acetylene 
(illuminating gas) over it until tho color of the reagent becomes pink. 
Stopper the cylinder and shake. If acetylene is present, a beautiful 
red precipitate is immediately formed. Another method of making 
the test is to pass the gas through a small bulb tube containing glass 
wool moistened with the reagent. 

The above qualitative test can be used for the colorimetric determi- 
nation of as little as 0.03 mg of CjIIj in gases. It is necessary then to 
add a protective colloid, such as glue, to the reagent so that the copper 
acetylide does not precipitate but remains in red colloidal solution. 

The test can also be carried out as follow’s: 

Determination of Acetylene in Gases.* Pass a measured volume of the gas 
through 30 ml of fresh ammoniacal cuprous chlondc (prepared as described below) 
contained in a suitable bubble tube. Filter off the red copper acctylide precipitate 
and wash it witli very dilute ammonia solution until the washings are colorless. 
Dissolve the precipitate by pouring a little C N hydrochloric acid through the filter 
and wash with water. Save the solution. To recover a little undissolved copper, 


‘ Ilcmpcl, Gaaandlyhsche Methoden, 

* Cill4SO, is formed. 

»/icr, 32, 2C0S (1890) 

* MtlhotU of (he Chemtsts of the U. S. Steel Corporation. 
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ignite tbe filter in a porcelain crucible, digest the ash -with 2 drops of concentrated 
nitric acid, and wash the solution into the beaker containing the main solution. 
Determine the copper content by any good method. 2Cu = IC 2 H 2 . 

Preparation of the Reagent. Pour a solution containing 22.6 g CujCU, 180 ml of 
concentrated HCI, and water to make 300 ml into 4 1 of water. Allow the CU 2 CI 2 
precipitate to settle, decant off the supernatant solution, and transfer the remaining 
solution and precipitate to a graduated 250-inl cylinder. After 2 hours, siphon off 
the liquid, together with some precipitate, down to the 50-ml mark, and add 4 iV 
NH| solution to the 230-ml mark. Shako 'well, allow to stand several hours, 
transfer to glass-stoppered tubes containing several pieces of fine copper wire, and 
keep closed until ready for use. 


Separation of the Heavy Hydrocarbons from One Another 

The separation of ethylene, propylene, and butylene was discussed 
briefly on p. 693. For separating ethylene and benzene, Haber and 
Oechelhauser have devised a method which is accurate and to be 
^ recommended. 

Principle. In one portion of the gas, the sum of the ethylene and benzene is 
determined by absorption with bromine water or fuming sulfuric acid, while in a 
second portion the gases are absorbed in titrated bromine water, and the excess of 
the latter is determined iodimetricatly. From the amount of bromine required the 
ethylene is calculated: 

1 ml 0.1 W I = 1.113 ml CjHi at 0*C and 760 mm pressure 

As this analysis is often performed in the Bunte buret, it will not be 
explained in detail until this has been described. (See p. 737.) 

The acetylene used in industrial plants is purchased in cylinders which contain a 
solution of the gas in acetone, CHjCOCHj, under a pressure of 10 to 12 atmospheres. 
Under this pressure, acetone absorbs about 100 times its own volume of the gas. 
As the gas is used, some acetone vapor escapes with the acetylene.' If it is desired 
to analyze the gas, it must be collected over mercury as both acetone and acetylene 
are very soluble in water. The analysis is made by absorbing both acetone and 
acetylene in fuming sulfuric acid and examining the residue for oxygen, hydrogen, 
methane, and air. 


6. Oxygen, O = 16. Mol. Wt. 32 

Density = 1.0153 (air = 1). Weight of 1 1 = 1.4289 g 
Molar volume = 22.391. CWtical temperature = — llO’C 

Oxygen is only slightly soluble in water; according to the experiments 
of L. W. Winkler,* 1 1 of water will al^orb the following quantities of 
oxygen, nitrogen, and air at 760 mm pressure: 


iRcr., 34, 1410 (1901). 
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ABSORPTION OF ATMOSPHERIC AIR IN WATER 


Temperature 

Oxygen 

Nitrogen 

Air 


ml 

ml 

ml 

0“ 

10.24 

18.57 

28.81 

5^ 

8.98 

16.45 

25.43 

10“ 

7.97 

14.67 

22.64 

15“ 

7.16 

13.29 

20.45 

20“ 

6.50 

12 19 

18.69 

25“ 

6.93 

11.31 

17.24 

30“ 

5.47 

10 59 

16.06 

35“ 

5.11 

9 92 

15.03 

40“ 

4.83 

9.35 

14.18 

45“ 

4.58 

8.93 

13.51 

50“ 

4.38 

8.59 

12.97 

55“ 

4.22 

8.31 

12.53 


From these data, the absorption coefficient of pure oxygen for water 
at 0-55* can be computed. 

ABSORPTION COEFFiaENTS OF OXYGEN FOR WATER 



0 

Temperature 

e 

0“ 

0 CW890 

30“ 

0.02608 



35“ 


10“ 

0 03SO2 

40“ 

0 02306 



45“ 


20“ 

0 03102 

50“ 

0.02090 


0 02831 

55“ 

0.02012 




Oxygen can be determined by combustion or by absorption. 


Determination of Oxygen by Combustion 

The determination of oxygen by combustion may be effected by 
exploding it with hydrogen (Bunsen) or by conducting a mixture of 
the two gases through a glowing platinum capillary (Drehschmidt), 
exactly as in the determination of carbon monoxide (cf. p. 7U4). In 
both cases the combustion takes place in accordance with the equation: 

Oi + 2Hi = HsO 

1 roL 2 TOl*. O voL 

Three volumes of gas, therefore, disappear for each volume of oj^'gon 
present (cf. p. GSG). If the contraction resulting from the combustion 
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of a mixture of oxygen and an excess of hydrogen is designated by Vc, 
then the amount of oxygen present = %Vc‘ 

Determination of Oxygen by Absorption 

The reagents commonly used for absorbing oxygen are: (1) a strongly 
alkaline solution of sodium or potassium pyrogallate, and (2) yellow 
phosphorus sticks. (3) Chromous chloride, CrCU, solution is the 
most rapid absorbent and for some purposes the most accurate. (4) Hot 
copper or an ammoniacal of ammonium carbonate containing rolls of 
copper gauze is also effective. (6) A solution of 50 g sodium hjrpo- 
sulfite, NaaSaOi, in 250 ml of 4.8 N KOH in the Hempel buret or of 
10 g Na 2 S 204 in 1.35 A" NaOH in the Bunte buret has been recom- 
mended. With sodium hyposulfite, the absorption is always complete 
within 5 minutes. (6) Manganous hydroxide has also been recom- 
mended. 

PoUimum Pyrogallate Solution. Prepare a stock solution of potas- 
sium hydroxide by dissolving 600 g of electrolytic KOH in water and 
diluting to 1 I. Caustic alkalies purified xvith alcohol should not be 
used in preparing reagents for the absorption of oxygen, for their solu- 
tions evolve some carbon monoxide. Prepare also a stock solution of 
pyrogallol (1,2, 3-trihydroxy benzene ** CeH3(OH)3) by dissolving 300 g 
of this trihydroxy phenol (sometimes called pyrogallic acid) in 800 ml 
of water and diluting to 1 1. To prepare the reagent for use, mix 40-50 
ml of the stock pyrogallol solution with 3.6 times as much of the stock 
potassium hydroxide solution. Mix thoroughly, and keep in a stop- 
pered vessel to avoid too much contact with air. 

Sodium Pyrogallate Solution. Mix 60 to 65 of the stock pyrogallol 
solution (see above) with 2.5 times as much of 50 per cent sodium 
hydro?dde solution. 

Both these alkaline pyrogallate solutions absorb oxygen quite rapidly 
when fresh. After each milliliter of reagent has absorbed 8 to 10 ml of 
oxygen it reacts more slowly and should not be used much longer. 
The absorption is slow at low temperatures and appears to be most 
favorable at about 20°. 

Yellow Phosphorus. The absorption of oxygen by means of phos- 
phorus takes place by simply allowing the gas containing the oxygen to 
remain over moist phosphorus. The formation of white clouds indi- 
cates the presence of oxygen, and their disappearance shows that the 
absorption is complete. A temperature of 15-20® is best suited for the 
absorption. 

The oxygen is completely absorbed at the end of 3 minutes from 
100 ml of £dr at this temperature. At lower temperatures the 
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absorption requires more time, and at 0° more than an hour is 
necessary. 

If the gas contains more than 60 per cent of oxygen, moist phosphorus 
will absorb none of it at the ordinary atmospheric pressures. In this 
case the gas must be diluted with nitrogen or hydrogen until a mixture 
is obtained containing less than 60 per cent oxygen, or the gas must be 
allowed to act upon the moist phosphorus under diminished pressure. 
In the latter case, however, the phosphorus easily becomes heated 
enough to melt it and the reaction becomes too violent. 

Oxygen is not absorbed by moist phosphorus if the gas contains 
traces of heavy hydrocarbons, ethereal oils, alcohol, or ammonia. 
According to HempeP 0.04 per cent of ethylene, and according to 
Haber^ 0.17 per cent, suffices to prevent completely the absorption of 
oxygen. 

The yellow phosphorus should be used in the form of small sticks of 4- to 6-mm 
diameter. To prepare the sticks, place some yellow phosphorus under water in a 
test tube. Place the tube in a water bath at about 60® to melt the phosphorus. 
Push a glass tube of the proper diameter into the molten phosphorus and suck up 
the phosphorus to the desired height. Then withdraw the tube and place it in cold 
water. Push out the solidified phosphorus into the reagent pipet which also con- 
tains water Cover the chamber of the pipet with black paper to protect the phos- 
phorus from light, which converts it into the red modification. When, in using the 
pipet, the white fumes that develop are very slowly or incompletely absorbed in 1 
or 2 minutes, renew the supply of phosphorus. 

The phosphorus is not easy to handle, and it cannot be used for mixtures rich in 
oxygen because the beat of the reaction is likely to melt the phosphorus and fuse it 
into a solid mass Its action is slow at temperatures below 16® and with gases con- 
taining conriderable methane or ethane. 

Chromous Chlonde. Although this reagent is one of the most rapid 
absorbents for oxygen and has been in use for nearly 50 years, it has 
not been very popular because it is difficult to prepare and keep in the 
reduced state. Stable solutions in quantities sufficient to charge a pipet 
can be prepared best by reducing chromic chloride in a Jones reductor 
(p. 544) containing amalgamated zinc. Dissolve 75 g CrCU in 190 ml 
of water and 10 ml of concentrated HCl. Pour the solution into the 
funnel tube of the reductor, which is charged with amalgamated zinc 
and filled with water, until the water at the bottom of the reductor 
becomes colored. Then attach the bottom of the reductor, by means 
of a rubber stopper carrjdng a small Bunsen valve (p. 540), to the rear 
chamber of a pipet filled with coke-oven gas, natural gas, or some other 

‘ Gaaanalytische Melhoden. 

* Experimenial-Unterguchungen iSber Zersetzungen und Verhrennungen von K6hUn~ 
vxistvrsloSen, Habilitationschrift, Munich, 1896 



700 


DETERMINATION OF SOME COMMON GASES 


gas free from oxygen, and allow rest of the chromic chloride solution 
to run into the pipet dropwise until the proper level has been reached. 
At once connect the pipet to the rest of the apparatus and carefully 
protect the solution from the air. This solution will al^orb all the 
oxygen in air bubbled through it from 2 to 4 times. It does not reduce 
HsS, COj, or similar gases. 

Manganous Hydroxide. This reagent has been used successfully 
ance 1894 for absorbing small quantities of oxygen in natural gas and 
in other cases where the use of phosphorus is objectionable. The 
Mn(OH)2 is nearly white when freshly prepared from manganous 
chloride and sodium hydroxide but becomes brown w'hen manganic 
hydroxide is formed by the action of oxygen. The extent of the oxi- 
dation is determined iodimetrically. 

4Mn(OH)2 -b Oj + H2O - 4Mn(OH), 

2Mn(OH)j 4- 21“ -f- 6H+ = 2Mn'H- 4- Ij + 6H2O . 

ii + 2S2or" « 21“ 4- s*or“ 

To carry out an analysis, fill a IfiO-ml Bunte buret with mercury and draw in 
about 25 ml of 10 per cent MnCh solution over the mercury. Rinse out the cup of 
the buret and add about 15 ml of a 10 per cent solution of sodium hydroxide. Then 
introduce 100 ml of the gas sample, close all stopcocks and alloiv the mixture to 
stand for 35 minutes with frequent shaking. Then draw 30 ml of 10 per cent potas- 
sium iodide soiution into the pipet and, after this, 15 to 20 ml of II*SO<. Trans- 
fer the solution to a flask and titrate promptly with 0.1 N thiosulfate solution. One 
milliliter of 0.1 N NaiSjOi solution « 0.500 ml Oj at 0® and 760 mm pressure. 

Detennination of Absorbed Oxygen in Water, Method of 
L. W. WinMer' 

1000 ml 0.1 N Na^jOi solution “ ^ E “ 559.8 ml oxygen at 0® and 
760 mm pressure 

Principle. If water containing dissolved oxygen is heated in a closed vessel with 
manganese hydroxide, the latter is oxidized to manganous acid according to the 
following equation; 

Mn{OH), + O « HjMnO, 

The amount of oxygen taken up is determined iodimetrically by adding hydrochloric 
acid and potassium iodide to the manganous acid and titrating the liberated iodine: 

HjMnO, 4- 4HC1 = MnCl* 4- 2H,0 + Q, and 2Kr -f- Cl, » 2Ka 4 1, 

Reagents Required. 1. An approximately iN MnClt solution ob- 
tained by dissolving 400 g of MaCIj^HjO in water and diluting to 
1000 ml. The manganese chloride must be free from iron. 


Ber., 21, 2S43 (1888). 
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2. Sodium Hydroxide Solution Containing Potassium Iodide. On 
account of the nitrite usually present in commercial sodium hydroxide, 
prepare the solution from sodium carbonate and calcium hydroxide. 
Siphon off the clear liquid and concentrate in a silver dish until its 
density is 1.35. In 100 ml of this solution, dissolve 10 g of potas- 
sium iodide. 

A portion of the alkaline potassium iodide solution on being acidified 
wth hydrochloric acid should not immediately turn starch paste blue, 
and, furthermore, large amounts of carbonate must not be present. 

3. 0.1 N Sodium Thiosulfate Solution. 

Procedure. Take a glass-stoppered flask of about 250-ml capacity 
and determine its exact capacity by weighing it first empty and then 
filled with water at 20®. If the w’ater to be analyzed is saturated 
with air, simply pour it into the flask; otherwise conduct the water 
through it for 10 minutes. By means of a pipet reaching to the bot^ 
tom of the flask, introduce 1 ml of the alkaline potassium iodide solution 
and immediately afterwards 1 ml of the manganese chloride solution. 
Stopper the flask, shako, and allow to stand until the precipitate has 
settled. Then, by means of the long-stemmed pipet, add about 3 ml 
of concentrated liydrochloric acid and once more shake the contents of 
the flask. The precipitate dissolves readily with liberation of iodine; 
titrate the iodine with sodium thiosulfate in the usual way. 

Remark. The results obtained by this method agree closely with those obUdned 
by boiling the water os described on p 678. 

7. Carbon Monoxide, CO. Mol. Wt. 28.01 

Density = 0.90702 (air = 1) Weight of 1 1 = 1.2502 g 
Molar volume = 22 397 1. Critical temperature «= — 136“C 

ABSORPTION COEFFICIENTS OF CARBON MONOXIDE FOR WATER* 


Temperature 


Temperature 


0® 

0.03537 

0 03149 

0 02816 

0 025-13 

0 02319 
0.02142 

30* 

0 01998 
0.01877 
0.01775 
0.01690 

0 01615 
0.01S18 


35* 


40* 


45* 


SO* 


55* 




• U W. WiDklCT,17<r.,34, IIU (1901). 


In alcohol the ga.s is about lO times more soluble than it is in W’atcr 
Its determination is effected cither by absorption or by combustion. 
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Absorbents. Ammoniacal Cuprotis Chloride. Prepare a stock solu- 
tion by dissolving 300 g of ammonium chloride and 270 g of pure CU 2 CI 2 
in water and diluting the solution to 1 1. To prevent oxidation place 
a few pieces of fine copper wire in the solution. When using, add 
ammonia until the white precipitate of basic copper hydroxide dissolves 
slowly on shaking. Avoid the use of too much ammonia; about 1 ml 
of concentrated ammonia solution is required for each 3 ml of stock 
solution. 

The ammoniacal solution absorbs oj^gen from the air and it is best 
not to add ammonia until the solution is to be used. Some ammonia is 
likely to be carried off with the unabsorbed gas and, for that reason, 
the gas should be passed through acid after the carbon monoxide has 
been absorbed. 

Acid Cuprous Chloride Solution. Dissolve 75 g of pure cuprous 
chloride and 600 ml of concentrated hydrochloric acid in sufficient 
water to make 11. 

The absorption of carbon monoxide by means of cuprous chloride 
takes place according to the equation: 

CusClj + 2CO ^ Cu2Cl2-2CO ^ 

The compound Cu2Clj*2CO is unstable and can be formed only 
when a certain pressure is exerted by the carbon monoxide, so that 
' when the acid ^solution is used the absorption will never be quan- 
titative. Further, if a gas free from carbon monoxide (nitrogen or 
hydrogen) is shaken with such a solution after it has been used several 
times, a part of the CujCl 2 ‘ 2 CO in solution will be decomposed accord- 
ing to the above equation in the direction of right to left, until the par- 
tial pressure of the carbon mononde set free is sufficient to restore 
equilibrium. Consequently the volume oi the gas will appear greater 
after it has been treated with the cuprous chloride solution than it 
was originally. 

When an ammoniacal cuprous chloride solution is employed, the 
absorption of the carbon monoxide is almost quantitative, but after 
such a solution has been used repeatedly it will readily give up some of 
the gas, although not so readily as the solution of cuprous chloride in 
hydrochloric acid or calcium chloride.* It is advisable, therefore, to 

* The compound has been isolated in the solid state. According to W. A. Jones 
(Am. Chem. J., 22, 287) its formula is CuiCU’2CO-4HjO, but according to the 
experiments of C. v. Girsewald in the author’s laboratory, the formula is CujCIi* 
2C0-2H20. 

* Cuprous chloride is soluble in a concentrated solution of calcium chloride; 
1 ml of this solution absorbs 12-15 ml of CO. 
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adopt the gu gg e sli oa of Drehschniidt, and first absorb the greater part 
of the gas bv means of an old sohiuon of rjprous chloride, afterKnrds 
removing the last traces by mc-ans of a freshly prepared solution, or 
one ^hich has been used but a ferr times. 

Besides carbon monoxide, the ammoniacal cuprous chloride solution 
rnll absorb acetj'lene, ethylene, etc., so that these gases must be re- 
moved previously by means of fuming sulfuric acid or bromine tmter. 

By long shaking with concentrated nitric acid (d 1.5), carbon mon- 
o:dde is completely oxidized to carbon dioxide, which can be removed 
by treatment with potassium hydroxide solution-* 

Ctrjrcntj Sulfcte and ^Sap^.th.ol Mizture. M. Damiens- found that 
a sm^nsion of cuprous oxide in strong sulfuric add can be used for 
absorbing carbon monoxide, and Lebeau and Bedel found that the 
action is much improved by the addition of a phenol such as ^-caphthol. 

Add 200 ml of concentrated sulfuric add to 25 ml of water and allow 
the diluted add to cool. Pbee 20 g of pure cuprous oxide (prepared 
as described below) in a mortar and triturate it with the add until all 
the oxide is in suspension. Then add the ^^laphthol and triturate in 
the same way. Filter off unmixed particle of the naphthol by filtering 
throu^ gKg? wool. Transfer to the absorption pipet, keep at a tempera- 
ture above 15®, and protect from the li^t. 

To prepare tbs esprous oride ta a toadHioa such tliat h forms a good rspeiai<re, 
dy«dTe lOO g of cup.nc aretate by with 1 1 of water ia s 2>1 fiijic. Filter if 

ce-Tsaary. Meanwhile dirwlve CO k of plaeoee ia -lOO d cf water and add tHs 
Kl'jtioa to the bollia;; ct.-pn- aretate BoQ imtil the b’ae color fades some- 

what, aHow to ftaTid catQ the cuprcrtu oxide has settled, Cter, wasli a few 
with water acd oa-e with alaohch and dry ia a Taewna desaeator or, 1^ suhablr, 
b aa orea at W’ to 100’ 

The above ciiproua oxide raspeasioa absorbs CX) to form Cu:SOr2CO, whbh b 
rsore etable than the corre* po nding chlorine compound. The mixtere, prepared 
as above described, will absorb abofit IS times tts own roltnae of CO. For rapid 
werk, two pipets can be ir®ed in serw^ one containing ctrprous chloride ard one con- 
taining cuprto»i3 oxide. Ca^ea neb in CO sbo'iH treated £r®t with the CurCI, 
rcag-nt and then with the c'sipro’is oxide risp^nsion. Thb last reagent abairbe 
ethylene, propylene, butylene, some acetylene, and a Ettle oxyg en but does not 
absorb methane or its homoloc*, hydrogen, or citrogta. 

Determination of Carbon Mcuoiode by Combustioa with Air or Oxygen 

The following reaction show= how carbon monoxide may be deter- 
mir.»xl hv comljustion; 2C'0 -r O- = 2CO*. 

art:*. It?l 


* Trcadw»-n and Sto*.p«, D'r . 21, 3131 (IS^SV. 

* TU (7ci nV^i. £2, 101 
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^"■’^ ’contraction ^ ““erenee j. Z\ 
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‘t rf- S. 

o/ac carbon J °”“»‘nt of „-' ^ '■‘>'uoio of 

«»«<,«•*. '2^ f .o^ffon 

The ^^“^odoofStr ‘^^^^SUalto 

i:a, ^ 1“S.5 /s£*».“ ~ 

^’’’ntmiiont. „ ''"'■‘X’PPer 

“oKpi ®"Ve over 
™«'^ir ®ed ‘io oao^r '■«'<> 

Ko. 107. ®*P'®«'onn;„„?®“P®ai^;o 

ff^ass waJ/c f ®p3rJc /« ao^ canc ^ 

'’“.^'■oo'vndl”"’'^" ''0Jua.es. ^ ® '«“d to 

^•^iofC0,fc/ „ ^ 

* i«. p. ri5;. 




7K 

In practice* it dc^ircvl U' vleU'H\«tK' tbc ^^wwwinl of 

bu5tible gas In a luKtujx' <*btHUUnl 

meat with the ditTcrvnt aWvrtvtxta* U ihe ataeuwt 
present is too small in pro^vrtion U' tho amount u( \\nii>i'oinbij>-’"^'- 
gus, there will bo uo combustion wl«\tAH'\cci on tW wWm liarnh K :■ 
relation is too lar^\ a part ot the u\tt\»$tvn wUl Iv lanwl n'lU'*' i‘. 
(hydrogen is usually' present)* AtavnUivy: to Unn^'n, (hn 
k complete when oO voUmu's of wmlmstible U )\\twittii, fiji • . 
volumes of nonMX)mbustible }U\s* 

The combustion of Crtrlniu mounWth* ulofjc {\\nn \\ UiUline '/ ^ 

with hydrogen, methane, mul nil* enn bo eftVolod HnllMfiuih;/;!/ > - 
After the gas h;\s been fmal from t'tb» unHiduvnli'/J j>ydiy> 
and aqueous vapor, cmuluet it tlmmgli n ll-lnbi'' mihiUnny^ : 
pure iodine pentoxide® heated to ItUt”: hy thin meiioti flu . 

oxideisaIoncoxidi?.ed\viil\libem(umoflod(m*n('<'(iii(fj(f^b/'^U- . . 

IiOs + SCO = SCOa 4- Is.® If the gna ia innv t.'',,,, ’] 

P61igot tubes coniuining potasHium lodldo wiliitiiiu, tlj<' ' 

absorbed and can bo litmteil ut. tlio oml of ilm iihpr/bo' i<‘ 
sodium thiosulfate solution. 

One jnilJilitcr O.f; N MusHaO* nolulhm i<,‘ ■' 

measured under standard coiidlllonn. 

If, after the carbon diox'nlo and walor hiivo of|/-e 
the gag is passed through n conilmaiion hibo fn/l( hV-' • i 

oxide and half witli platinized nnlwafoM, holh i, 

the hydrogen and metluuK? will bo eoinplfip-ly hip///‘ v. 
bon diojddc, which ciin he al»e<»rbeil lunl v/el/zlM/j sv !/' 
amounts of cadi, the liyifrogen and tnefiirifn: p/<-/ '■ 
calculated. 

8. Hydrofiwi, If. Mob '//b 

I>^.4ty »■ h'n - Mr VAJ/d^t// J 

ll'/lar VfA’iUM: ** '/HA’l'/ 1 Oilh-I •*. 

Hrdrv^wa it pn/ritt^Iy hr*//.’}*/*: ih “ttnU r, 

*Tsi»r t» |j«55i*y/i hi * t/irfi , 

‘Ivfiijfr 'i/rf/rcJ*-*: St \rf /^/ i/J 

VSS’ *ivC! tiA -wi-Vr St •Tr:.-J/^/iy 

* lotivTs, r*-/. , '/‘/r, r' ‘At, f./, 

Z CT.“1 VfU , J-fv'/,.'*., / //w./V- 

Z ‘C’.'j! ^ 14 ‘Vit' ^'V* i'r^ 

/- u-J^ y ff y, t./J/ f//f/ /f. 

* Irj-s k//^ }>■/’ *)>■’; 
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ABSORPTION COEFFICIENTS OF HYDROGEN FOR WATER* 


Temperature 

& 

Temperature 

(3 


0.02148 

0.02044 

0.01955 

0.01883 

0.01819 

0.01754 


0.01099 

0.01666 

0.01644 

0.01624 

0.01608 

O.OKKM 


35“ 

30® 

40“.. 


45“ 



25“ 





* L. W. Winkler, Bo-.. 24, &9 {1801). 


(a) Determination by Absorption. Method of Paal and Hartmann^ 

Colloidal palladium, in the presence of a protective colloid, sodium 
protalbinate, is capable of absorbing an enormous quantity of hydro- 
gen. The absorption takes place slowly but quantitatively. The 
absorbent can be regenerated, after each experiment, by treatment 
with oxygen or by adding an easily reducible organic substance, Paal 
and Hartmann made use of sodium picrate for this purpose; the picric 
acid is reduced to triaminophcnol: 

C6H2(OH)(NOj), -f- 9Hj = CeHj(OH){KH2)5 + 6H5O 

According to the experiments 'of Brunck* a solution of 2 g colloidal 
palladium and 5 g of picric acid dissolved in 22 ml of N sodium hy- 
droxide diluted to 100-110 ml with water is a suitable absorbent. 
Such a solution can be purchased. The above quantity of reagent 
should absorb about 4 I of hydrogen; about 20-30 minutes, with 
repeated shaking, is required for the absorption. The reagent is useful 
for determining hydrogen in the presence of saturated hydrocarbons. 

As soon as the efficiency of the absorbent is lost, rinse out the contents 
of the absorption pipet with water and add dilute sulfuric acid as long 
as any precipitate forms but avoid too much excess which tends to 
cause the palladium sol to go into solution as palladous sulfate, as a 
result of atmospheric oxidation. The precipitate of solid palladium 
and protalbinic acid also contains jMcrio acid. 'Wash )vith water, which 
removes some of the acids but no palladium. Then suspend the mass 
in water and add sodium hydroxide solution, dropnise, until a col- 
loidal solution is obtained. Anally add the proper quantity of sodium 
picrate and the absorbent is ready for use again. 


1 Ber., 43, 243 (1910). 

* Ckcm. Zlg.y 1910, 1310 and 1331. 
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Some chemists have had good results with palladiumized asbestos. To prepare 
this, dissolve 1 g of the metal in a small beaker with 2 ml of concentrated HNOi and 
1 of concentrated HCl. Add the acid slowly while gently heating. Evaporate to 
dryness on the steam bath and dissolve the residual PdClj in a very little water. 
Add 4 ml of a cold saturated solution of sodium formate, HCOONa, and make 
strongly basic by adding NajCQj Add about 1 g of soft, long-fiber asbestos, puri- 
fied by heating strongly, treating with hydrochloric acid, washing, drying, and 
again heating at a low temperature. After the asbestos is well impregnated with the 
solution, dry it at lOS". Wash again with water to remove all sodium salts, and dry. 
Pack the dried asbestos in tubing of 10- to 12-cm length and 7.5- to 10-cm bore with 
capillary tubing of 1-mm bore fused to both ends. Fuse on the last end after the 
filling of the larger tubing. To determine hydrogen mix a measured volume of the 
gas, which has been freed from CO, with tnice as much oxygen as is necessary to 
unite with the hydrogen to form water. Pass the mixture through the absorbent 
at a rate of about 15 ml per minute with its container heated to about 100° in a water 
bath. Pass the gas more slowly if the asbestos shows any signs of glowing, because 
CH 4 and CjHg are oxidized by the reagent at 200°. In this procedure, the absorp- 
tion of the hydrogen is really a combustion. Objection to the use of palladium in 
any form as an, absorbent is based on the fact that some water is always likely to be 
formed when oxygen is present. 


(b) Determination by Combustion 

Mix a measured volume of the gas with more than half as much 
oxygen and bum the hydrogen by one of the following methods. The 
hydrogen can be determined by measuring the contraction in total 
volume. 

2Hz + Oi = 2HzO 

2 vob- 1 vol 0 voL 


It is evident that, by the combustion of 2 volumes of hydrogen, 
3 volumes of gas will disappear (the water formed occupies a neg- 
ligible volume). The contraction, therefore, is equal to % the volume 
of the hydrogen consumed. If the contraction is denoted by Vc and 
the volume of the hydrogen by 17/, then Vc = %Vi{, and consequently 
Vii = ^Vc. Since the molar volumes of hydrogen and oxygen are 
practically the same, this last statement is true without any correction. 

In many cases the weight of the water formed is determined by 
absorption in weighed calcium chloride tubes; from the gain in weight. 


p, the volume of hydrogen is computed as follows: 


22,405 
18.016 ^ ^ 


1243 X p ml hydrogen under standard conditions. 
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Combustion of Hydrogen with Copper Oxide^ 

In the ultimate analysis of organic compounds (cf. p. 354) the hydrogen is almost 
always determined by passing the vapors over glowing copper oxide. Suitable 
apparatus has been devised for the application of the same principle to gas analyas. 
The explosion method (ef. Fig. 107, p. 704) is often used for determining hydrogen 
and methane, but the most convenient one is the slow-comhustion method which 
will be considered after the combustion with copper oxide has been explained. 

The Copper Oxide Tube. This tube is made of Pyrex-glass tubing bent into a 
shape which reminds one of an inverted Gooch crucible funnel (cf. p. 30). The 
tubing has an outside diameter of 7 mm and an inside diameter of about 4 mm. The 
entire apparatus is about 18 cm long, 6 25 cm wide at the bottom, and the legs, 
which are shaped like the stem of a Gooch crucible funnel, start at 4.4 cm from the 
bottom and are only about 2 mm apart. Tlie vertical legs of this elongated U- 
shaped tubing is filled, to the first bend in each leg, with fine-wire copper oxide con- 
taining particles of metallic copper evenly distributed throughout the charge. The 
metalljc copper acts aa a catalyzer, and without it the combustion is too slow, par- 
ticularly when the tube is first used. Next to the copper oxide mixture, in the nearly 
horizontal parts of both legs, there is a packing of fine glass wool, but the widely 
separated vertical legs of the apparatus, which correspond to the sides of the cup of a 
Gooch funnel, are left empty. The tube is provided with a blower through which 
compressed air can be led to cool it after each combustion. 

Aja electric heater is provided for heating the copper oxide. The heating element 
is coiled upon an Alundum core which is insulated from the brass jacket with Silocel 
or a mixture of sodium silicate, m^^esium oxide, and asbestos A thermometer is 
provided, and the temperature of the copper oxide must be kept a little under 310^ 
during a combustion. The heating element is placed in series with a rheostat of 
suitable resistance and amperage so that the furnace can be heated to 300* within 
20 minutes and kept at this temperature within 5* for any length of time. 

To carry out a combustion, turn on the switch and adjust the rheostat so that, 
by the time the tube is needed, the temperature will be between 290® and 310°. 
Then, after the gas has been mixed with a measured volume of oxygen, drive over 
the mix ture into the manifold as far as the first stopcock which leads to the copper 
oride tube. Place the heater over the tube and turn the stopcock nearest the buret 
to connect it with the copper oxide tube. Raise the leveling bottle on the buret 
and slightly lower the one connected to a so-caJIed slow-comhustion pipet. 

The slow-combustion pipet is made of Pyrex glass and has a capacity of 17(1-180 
ml with the stopper inserted. It is provided with an electrically heated coil, and 
in it the combustion of the gas can take place. In the present case, it is used merely 
for storage and to effect the transfer of the gaa to the copper oxide tube at the proper 
rate. The pipet can be obtained from dealers in chemical apparatus with full 
directions regarding its use. 

Turn the stopcock above the slow-combustion pipet to connect this vessel with the 
copper oxide tube, and turn the second stopcock slowly so that the gas enters 

* This and the following procedure are adapted from Methods of the Chemists of the 
United Slates Steel Corporation for the Sampling and Analysis of Gases, published by 
the Carnegie Steel Company of Pittsburg Pa. The booklet is inexpensive and 
should be in the hands of all chemists engaged in the technical analysis of gases. It 
contains about 25 illustrations of modem apparatus besides many useful procedures 
and tables. 
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the. copper oxide tube at the rate of about 15 ml per minute. When the liquid 
in the buret has reached the tube, lower the leveling bottle of the buret and draw 
back the gas at the same rate. Draw the gas back and forth several times. Next 
raise the heater and cool off the copper ojdde tube with compressed air. When the 
tube reaches room temperature, return the gas to the buret and measure the 
volume. The copper oxide becomes axhausted eventually but can be revivified by 
heating to 350° and passing air through the tube several times. 

Slow-Combustion Method. Transfer a suitable measured volume of oxygen to 
the slow-combustion pipet under slightly reduced pressure. Turn the dial on the 
rheostat to the line marked “ Start Here " and puU the switch to the place marked 
" Slow Comb.” Now slowly turn the dial on the rheostat in a clockwise direction 
until the coil is bright yellow in color and adjust the valve on the air line to the blower 
so that sufficient cold air is blown against the top of the buret to keep the top cool. 
Then turn the stopcocks so that air dowly enters the pipet. If the content of com- 
bustible gas is high, the gas should ignite at once, but if the content is low and mostly 
hydrogen, the actual combustion may not be noticeable. Gases containing hydro- 
gen will ignite and burn with the coil at a much lower temperature than those from 
which hydrogen is absent, probably as a result of the catalytic action of platinum 
on the combustion of hydrogen. When the gas is all out of the buret, adjust the 
leveling bottle so that the gas returns to the buret and is passed back and forth over 
the hot coil several times. 

9. Methane, CH*. Mol. Wt. 16.04 

Density - 0.5545 (ait » 1). Weight of 1 1 « 07168 g 
Molar volume = 22.36 L Critical temperature » — 82°C 

ABSORPTION COEFFICIENTS OF METHANE FOR WATER* 


Temperature 


Temperature 

& 

0° 

0 05563 

30° 

0 02762 

6° 

0 04805 

35° 

0 02546 

10° 

0 04177 

40°. 

0 02369 

15° ... 

0 03690 

45° ... 

0.02238 

20° ... 

0 03308 

50° 

0 02134 

25° 

0 03006 

55° 

0 02038 


•L W ■Winkler, 5«r 54,1419.(1001). 


In alcohol, methane is about 10 times as soluble as it is in water. 
Inasmuch as no satisfactory absorbent for methane is known, it is 
always determined by combustion. From the equation representing 
the combustion, CH* + 2 O 2 = COs + 2HjO, the following deductions 

1 vol +2^o!s 1 voL 0 vol. 

can be made; 

1. Contraction. The contraction caused by the combustion of 
methane is equal to twice its ori^nal volume. 

2. Carbon Dioade. By the combustion of methane an equal vol- 
ume of carbon dioxide is produced. 
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3. Oxygen Consumed. For the combustion of 1 volume of methane 
2 volumes of oxygen is necessary. 

In these assumptions, however, it should be borne in mind that the 
molar volume of CH4 == 22.36 1, that of O 2 = 22.39 I, that of CO2 = 
22.26 1, and the gas is saturated with moisture. Actually the above 
equation reads; 22.36 1 of methane reacts with 22.39 1 of oxygen to form 
22.26 1 of carbon ^oxide which is saturated with moisture. Cf. p. 716. 

ANALYSIS OF ILLITMINATING AND PRODUCER GASES 

The analysis of all such gases can be accomplished either by the 
method of Hempel^ or by that of Drehschmidt.* 

HempePs Method 

Hempel’s apparatus is shown in Fig. 101, p. 679. It consists of a 
eudiometer, 17, with 0.2-ml graduations and connected by means of 
rubber tubing with the leveling bulb K. The eudiometer is also con- 
nected with the compensation tube D, which in turn is connected with 
a manometer C; both the tubes T7 and D are 
surrounded by a cylinder containing water. ' 
Calibration of Apparatus. First fill the 
manometer tube with mercury by raising the 
leveling bulb K with the stopcock P in the 
position shown in Fig. 101, so that there is an 
open connection between T7 and c. Allow the 
mercury to pass 'over into C until the mark mm 
is reached. Then determine the volume of the 
manometer tube from the mark m to the point 
a (Fig. 101) as follows: 

By carefully lowering the bulb K draw the 
mercury over into C exactly to the point a when 
the stopcock P is closed. Allow a little air to 
enter into the eudiometer through the right- 
hand capillary tube above P (the tube E should 
be withdrawn as in Fig. 108). Place the level- 
ing bulb K upon a solid support so that the 
Fia. 108. mercury level in it is at the same height as in 

T7, and with the stopcock P still open, read the 
position of the mercury in T7. Close the stopcock, raise K a little, 
and turn P to the position shown in Fig. 101. By raising K still higher, 



‘ Gasanalylische Melhoden (1900). 
*Ber., 21, 3242 (188S). 
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drive the air over into the manometer tube C until the mercury has 
exactly reached the mark m, then close the stopcock A (Fig. 101). 
Then adjust the position of the mercury by turning the stopcock p one 
way or the other, and once more read the position of the mercury in W. 
The difference between the two readings represents the volume of the 
tube between the marks m and a, an amount which must be added to 
all subsequent readings. 

Introduce a drop of water at c, by means of a fine pipet, into the com- 
pensation tube D and either fuse together the end of the tube, or close 
with a cork stopper and make mr-tight with sealing wax. 

Procedure for the Analysis, If the analysis is to be carried out on 
the spot, collect a large sample of the gas in a Drehschmidt pipet (Fig. 
101 (S). To accomplish this, connect the capillary tube E' by means 
of rubber tubing with the source of the and turn the stopcock M 
so that the tube E' is in connection with the bulb of tho pipet with the 
leveling bulb and the stopcock s open. Fill the pipet with the gas, 
then turn the stopcock M so that it communicates with the outer air, 
and completely expel the gas from the pipet. In this way draw the 
gas in and out of the pipet at least 3 times to make sure that all foreign 
gas (air) is removed from the rubber tubing. Then collect the sample 
of gas and close the two stopcocks M and s. 

In order to bring the gas to be tested from the Drehschmidt pipet 
into the eudiometer, connect the two instruments by means of the 
capillary E' (imagine the capillary E in Fig. 101, p. 679, to be replaced 
by E') and firmly wre the rubber connections to the glass. Turn the 
stopcock M to the position shown in Fig. 101, raise the leveling bulb K 
(after previously causing tho mercury in the manometer tube to reach 
- to the point a) and fill the buret with mercury until it begins to flow 
from out of tho tip of the key at M; then close the cocks A and p. 
Turn the cock M so that the pipet S and the buret TF are in connection, 
rai&c K', open s, lower K, and open both p and A . 

After about 40 ml of the gas has passed over into the eudiometer, 
close the cocks A and M, dip the key of the stopcock M (which must be 
entirely filled with mercury) into a beaker containing mercury, and 
suck tlie gas in the capillary into IF by lowering K and opening A 
and p. As soon as the capillary E is entirely filled with mercury, clo'^e 
A, p, and finally ilf. 

Now determine the volume of the gas in H'’ as follows: Open A and 
raise K so that the mcrcur>’ in the bulb is a little higher than it is in IF. 
After this open p and drive the gas over towards C until the mcrcurj’ 
in both arms of the manometer tube is at about the same height; then 
clove A immediately. Make the last fine adjustment of the mercury 
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levels v.ithin the tubes by doang or opening the screwcock Q. Read 
the volume of the gas,^ and to the reading add the correction corre- 
sponding to the volume between the marks M and a. 

From this point the analysis begins. 

1. Determination of Carbon Dioxide 

With the stopcock p closed, turn the cock M as shown in Fig. 101, 
remove the Drehsclunidt pipet, and replace by a second, clean pipet 
completely filled with mercury. On connecting the stopcock M with 
the rubber connector of the capillary E*, it should be in the position 
shown in the drawing. By this means the mercury in the rubber 
tubing can fiow out through the key. After wiring the rubber tightly 
to the glass, introduce 3-5 ml of caustic potash solution (1 : 2) through 
the key into the pipet M and wash out the alkali in the capillary with 
about 2 ml of distilled water and then with a little mercury; after 
tWs drive over the gas itself into the pipet. When the mercury has 
filled the whole capillary, both to the right and left of M, close A, p, 
and M. Raise the bulb so that extra pressure is placed upon the 
gas in the pipet, and close s. Gently shake the pipet for 3 minutes vrith- 
out disconnecting it from the eudiometer, after-which return the gas 
to Tf as follows: Open Af, p, and A; lower K; raise K'; and open a. 
When almost all the gas has been driven out of the pipet, close M, 
p, A, and Q; place the leveling bulb on the table below, and K' upon 
the support (cussing from Fig. 101, but shown in Fig. 108) upon wMch 
the pipet itself rests. Now open M, p, A, and a, and screw up 0 a 
little so that the gas is very slowly sucked into the buret. As soon as 
the caustic potash solution has reached M, close it. Now remove the 
gas remaining in the capillary to the left of M by sucking mercury 
through the key of M into W. Finally read the volume of the unab- 
sorbed gas in the same way as before. The difference between the two 
readings represents the volume of 00%. 

2. Determination of the Heavy Hydrocarbons or Uluminante 

Remove the pipet containing the caustic potash solution and replace 
it with another containing fuming sulfuric acid.* Drive the gas over 


* The reading is best made with the help of a small telescope, the ocular of which 
is provided with cross hairs. For this purpose the telescope connected with a 
Bunsen spectroscope is suitable. 

* In this pipet the bulb tube K* is fused on to the absomtioa bulb, bo that it is 
a little higher than the latter, in the same way as in the Hempel pipet (Fig. Ul). 
hlercur}' U acted upon by fuming stilfuric add. 
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into the latter, and allow to stand with occasional passes to and fro, 
for 45 minutes, then empty the pipct in precisely the same way as before. 
Return the gas to the pipet contmning the caustic potash solution in 
order to remove the acid vapors, and finally transfer to the buret W 
and read its volume. The difference before and after the treatment 
with fuming sulfuric acid represents the sum of the heavy hydrocarbons 
or illuminants (CaH^, CeHg, CiHs, etc.). It is not usually customary 
to attempt to separate the benzene from the ethylene. 

3. Determination of Oxygen 

Carry out this part of the analysis in exactly the same way as the 
determination of the CO 2 , but using an alkaline solution of pyrogallol 
in the absorption pipet (cf. p. C98). 

4. Determination of Carbon Monoxide 

The determination of carbon monoxide may bo effected either by 
absorption with ammoniacal cuprous chloride or by simultaneous com- 
bustion with hydrogen and methane. 

For the absorption method, the procedure is the same as in the deter- 
mination of the heavy hydrocarbons, i.e., the absorption is effected in a 
pipet containing only ammoniacal cuprous chloride (no mercury). 
Shake the gas for 3 minutes wth a solution of cuprous chloride which 
has already been used and then the same length of time with a fresh, or 
little used, solution (cf. p. 703). Before reading the volume of the 
unabsorbed gas, free it from ammonia vapors, by shaking with 4 N 
hydrochloric acid in a Drehschmidt pipet. 

6, Determination of Hydrogen and Methane 

After the removal of the carbon monoxide, the gas may consist of 
hydrogen, methane, and nitrogen. Add an excess of oxygen to this 
mixture (with illuminating gas twice its volume; with water gas and 
producer gas only a little more than half as much oxygen is necessary). 
Connect the eudiometer TT with a Drehschmidt pipet entirely filled 
with pure mercury,^ using a Drehschmidt platinum capillary (Fig. 101 V, 
p. 679) ; heat to bright redness with the non-luminous flame of a Teclu 
burner, taking care that the inner flame mantle does not come in 

* There must be no trace of caustic potash in the pipet because then CO, would 
be absorbed and an inaccurate result would be obtained. To make sure that all 
the alkali is removed, wash the pipet first with water, then with hydrochloric acid 
and finally with water once more. ' 



714 


‘Contact rrhb tb Some coma 

■te.,.r “'“*•«»#, "“'““'i"i5 

arty's! to be tat^ 

hydro/To ^®P^ents tho from <» cob- 

P«ae. Ctl'-l:^o«„ eoae.,,^ 

™'>4!S’'®7’'"troduced , 20o2h::2^; ^ ^presenu, 

fcb P. C86J. “ fact -^ant fl. 

Def from Z ’'“'““oa are 

""^'^-0Pc.Caa.a„^„^^. -‘<=-o-ed 

frfr o4o'’S’"‘’'‘ the 

)dA ♦L. CH.. IT. "5 CO,, rj tr 


'^onsfsteoi?co*'®°^tion ^^^ogen 

“ “ fra-apelpip.,. 



CARBON MONOXIDE, METHANE, AND HYDROGEN 


715 


carbon dioxide formed, After this determine the unused oxygen 
by absorption with alkaline pyrogallol solution. If the excess of oxy- 
gen is subtracted from the amount originally added, the difference will 
^ve the amount of oxygen necessary for the combustion, Vo. 

If the volume of CO is denoted by x, the CH4 by y, and finally the 
H2 by z, the following three independent equations hold true: 

!• Vc = Mr -V 2y -V %z 

2. = + y 

3 . Vo = Mx -V 
and from these equations 

a: = ^^Vk + m ~Vo = COi 
y = Vo== %{Vk + Vc) = CH* 

2 « 7c - Vo = Hi 

^ According to A. Wobl (Ber., 1904, 433) the results are not quite accurate when 
obtsdned in this way because the molar volume does not always equal the assumed 
value of 22.41 1 Nerast, in his book, Tkwretieal Chemisiry, gives the following 
molar volumes: 

For 1 g moU of the gas, or referred to oxygen 


H, 

- 22.43 1 

H* 

ss 

1.0017 

0* 

s 22.39 1 

0* 

s 

1.0000 

CO 

= 22.39 1 

CO 

s 

1.0000 

CH 4 

= 22.44 1 

CH, 

a 

1.0020 

CO* 

= 22.26 1 

CO* 

= 

0.9939 


Taking these values into consideration, A. Wohl obtains for aKlJO, jfCH*, and sHs, 
the following formulas: 

3 : = 0 3329Vc -Vo + 1.3394y«- 
y = -0.3336Yc + 1 0020Vb - 0.33407^ 
z = LOOOSVc - 1 00177o - 000607^ 

7. Haber {Thermodynamik techn Gasreaktionen) sees no reason for modifying the 
Bunsen formulas in this way, for, when a combustion analysis is carried out by ex- 
plosion, the volume of gas after the explosion is so poor in carbon dioxide that the 
partial pressure of the latter does not vary much from that of an ideal gas and, 
therefore, follows Avogadro’s rule. 

It is quite another matter with mixtures rich in carbon dioxide, as often occur in 
gas-volumetric analyses. In such mixtures the weight of carbon dioxide (or of 
carbonate) is computed from the volume of the gas and accurate values are obtained 
by using the actual molar volume of 22 26 for this gas (see p. 330). 

The necessity of using the actual molar volume instead of the theoretical value 
has been shomi by Treadwell and Christie (Z. angew Ckem., 190B, 1930) for chlorine. 
With other vapors (NHs, HCl, SO*, N*0) the observed molar volume should also 
be used. 
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Analysis according to H. Drehschmidt^ 

The apparatus of Drchschraidt, like that of Heinpel, consists of the 
gas buret B and the compensation tube C, both of which are contained 
in a cylinder filled with water (Fig. 109). 

Through the stopcocks a and b, connect B and C, by means of capil- 
lary glass tubing containing a drop of a colored solution (inefigo and 



sulfuric acid) ; in order to determine the position of the solution, the cap- 
illarj' is provided with a milUmeter'graduation. The three-way cock a 
can be turned so that C connects trith the outer air or with the capillary, 
or so that the capillary is in connection with the air; it has an opening 
through the top of the key. The cock b has a right-angled boring like 


iBer., 21 3342, (1SS3). 
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H, Fig. 101. The buret is divided into millimeters and must be cali- 
brated with mercury before using. The apparatus is used in the same 
way as described under the Hempel method, p. 710. 


TECHNICAL GAS ANALYSIS 
Method of Hempel 

The apparatus necessary is shown in Fig. 110, It 
consists of a long measuring tube ending at the top in 
a thick-walled capillary tube and connected at the 
bottom by means of rubber tubing about a meter long 
with the leveling tube. 

The gas is confined over water which has been satu- 
rated with the gas to be examined, and the absorption 
is effected in Hempel’s absorption pipets such as are 
shown in Figs. Ill, 112, 113, and 114. Figure 111 
represents a simple pipet for liquid absorbents, and 
Fig. 112 shows a compound absorption pipet. This is 
used for solutions which undergo change on exposure 
to the air, e.g., an alkaline solution of pyrogallol, or 
an ammoniacal cuprous chloride solution. The liquid 
in the two right-hand bulbs serves to protect the solu- 
tions on the left. Figure 113 shows the pipet used for 
fuming sulfuric acid. The small bulb is filled by the 




glass blower with glass beads, which sen’e to give to the sulfuric acid 
the laigcst possible surface, so tliat the absorption is effected much 
more readily. Figure 114 is a pipet used for solid absorbents, such 
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of gas to escape and then immediately close. To make sure that the 
buret contains exactly 100 ml of the gas, open the lower pinchcock, 
and after bringing the water in the leveling tube to the same height 
as in the buret, take the reading; the lowest point of the meniscus 
should coincide exactly with the 100-ml mark of the buret. Finally 
close the lower pinchcock. 

1. Detenninatioa of Carbon Biozide 

Connect the buret with apipetsuchasisshown in Fig. Ill containing 
caustic potash solution, by means of a capillary filled with water, raise 
the leveling tube, open first the lower pinchcock and then the upper one,* 
and drive the gas over into the pipet. The confining liquid should now 
fill the entire capillary. Close the upper pinchcock and shake the 
pipet and its contents for 3 minutes.* Return the gas to the buret, 
taking care that none of the alkali enters w’ith it. 

Bring the liquid in the leveling tube to the same level as that in the 
buret; close the lower pinchcock, and after the water has completely 
drained from the sides of the tube, read the volume of the unabsorbed 
gas. 

2. Determination of the Heavy Hydrocarbons, or niuminants, CnHsn 

Connect the buret by a dry, empty capillary with sulfuric acid pipet 
(Fig. 112) and pass the gas back and forth 4 limes, taking care that no 
water enters the pipet and that the sulfuric acid does not reach the 
rubber connection. 

Before the experiment mark the position of the sulfuric acid upon 
the milk-glass plate back of the pipet; at the end of the experiment 
the acid must come to the same mark. The gas in the buret is now 
contaminated with acid vapors which arc removed by passing it into 
the potash pipet, aftenvards returning it to the buret. 

3. Determination of Oxygen 

Tills can bo effected by shaking the gas in the compound pipet with 
alkaline pyrogallol solution, but far preferably by means of phosphorus. 
In the latter case, drive the gas over into the phosphorus pipet and 

* In the figure this pinchcock U lacking. 

* The absorption takes place more rapidly witli one of Ilempcrs newer pipets, 
which are similar to the one shown in Fig 112, except that the right-hand bulb is 
replarwl by a movable leveling bulb, a-s in Hg 101. The latter is filled with mercury, 
upon which the liquid abwbent floats. lor the absorption of COj, it is necessary 
to pass the gas back and forth only once 
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allow it to remain there until the white vapors disappear; this usually 
requires but 3-4 minutes (of. p. 69S). If no white vapors can be de- 
tected, this shows conclusively that the absorption of the heavy hydro- 
carbons was incomplete (cf. p. 699). In such a case, the gas must be 
again treated with sulfuric acid and afterwards with phosphorus. If 
no white fumes are then formed, no oxygen is present, a condition which 
practically never occurs, for in the determination of the faj’^drocarbons 
a little air containing oxygen always reaches the gas from the small 
capillary. 


4. Determinatioa of Carbon Monoxide 

Shake the gas 3 minutes with an old solution of ammoniacal cuprous 
chloride and then the same length of time with a fresh solution. (See 
pp. 703, 713.) 

5. Determination of Hydrogen and Methane 

After the absorption of the carbon monoxide place the residual gas 
in the liydrochloric acid pipet and rvash the buret with hydrochloric 
acid to remove traces of alkali, and then fill with distilled water. 

(o) Transfer 15-lG ml of the gas in the hydrochloric acid pipet to the 
buret, and, after reading its volume, drive it over into an explosion pipet 
containing mercury (Fig- 107, p. 704). Accurately measure 100 ml of 
air (containing 20.9 ml of oxygen) in the buret and add to the contents 
of the explosion pipet. Then close the pipet by a pinchcock, mix 
the contents of the pipet by shaking, lower the leveling tube so that 
the gas is placed under reduced pressure, and close the glass stopcock 
of the pipet. Connect the platinum wires, w'hich are fused in the upper 
part of the bulb, with the poles of a small induction coil so that sparks 
pass between the platinum points within the pipet. The explosion 
at once occurs with a flash without breaking the pipet. Return the 
gas to the buret. Objection has been raised to reading the volume of 
the gas and then determining the amount of carbon dioxide formed, as 
a measure of the amount of methane burned, because the gas in the 
buret is confined over w'ater which absorbs appreciable quantities of 
carbon dioxide. It has been found, howex’cr, that the error caused by 
absorption of CO 2 by the water is so slight, during the short time of 
waiting, that it is best to determine the CO 2 with caustic potash after the 
explosion, as Hempel also recommended. (See p. 721.) Finally, de- 
termine the amount of unused oxygen by means of absorption with 
phosphorus. If the excess of oxygen is subtracted from the total volume 
added (20.9 ml), the amount of oxj’gen required for the combustion is 
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known (K)), so that we have two equations from which the amount of 
hydrogen and methane can be computed. 

If X is the volume of the hydrogen and y the volume of the methane, 
we have 

(1) Vc==%x-^ Zy (2) Vo = }ix-\-2y 

and 

x = %Vo- 2Vo y == Vo ~ %Vc 

The values thus obtained are referred to the total gas residue, and in 
this way the amount of hydrogen and methane present in the illumi- 
nating gas can be determined. 

Great accuracy is naturally not to be expected by such an analysis, 
but the procedure is very satisfactory for an approximate estimation. 

Better results are obtained by the 

(6) Method of Winkler-Dennis. In this method, the entire gas residue 
is transferred to a Hempel pipet (Fig. 115) containing mercury and con- 
nected with alcveling bulb. Through the rub- 
ber stopper at the bottom two steel needles 
are inserted (knitting needles), the longer of 
which is enveloped throughout its whole 
length by a glass tube, and the upper end 
is connected, at about three-quarters the 
height of the cylindrical part of the pipet, 
with a thin platinum spiral. 

Connect the pipet with a Hempel buret 
containing 100 ml of oxygen over water, 
produce a lower pressure in the oxygen 
buret by lowering the leveling lube and then 
closing the rubber tubing with a screwxock; 
after this place the leveling tube in a high po- 
sition. Now connect the bottom ends of the 
two needles of the pipet with the wires of a 
small storage battery of such a strength that the platinum spiral is heated 
to dull redness. By lowering the leveling bulb, reduce the pressure 
in the pipet slightly, and by opening the two upper screw’cocks between 
the pipet and the oxygen buret and gradually opening the lower screw- 
cock on the buret conduct a very slow stream of oxygen into the pipet. 
Since a large excess of the gas residue is present at the start, the com- 
bustion takes place quietly; explosions never occur. During the 
combustion the platinum spiral begins to glow more brightly; to pre- 
vent its melting, place a variable resistance in the circuit to regulate 
the strength of current and the glowing of the platinum. 



Fig. 115. 
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As soon as all the oxygen is in the pipet, allow the spiral to glow 2-3 
minutes longer, then stop the electric current and allow the gas to re- 
main in the pipet for 15 minutes so that it will assume the room tempera- 
ture. Then transfer to a Hempel buret and measure its volume. De- 
termine the carbon diojdde in the usual manner. 

Remark. The tVinkler-Dennia pipet is open to the objection that the rubber stop- 
per eventually leaks; for this reason the form of apparatus devised by M. Bretschger, 
as shown in Fig 116, is preferable. 

The gas residue instead of being burned 
according to the Winkler-Dennis method, 
may be conducted over glowing cupric 
oxide (cf. p. 708). 


Fio. 116. Fia. 117. 

Orsat’s Apparatus 

For the analysis of flue gases, Orsat has constructed the apparatus 
shown in Fig. 117. It consists of the 100-ml measuring tube B sur- 
rounded by a cylinder containing water, and connected on the one 
hand vrith three Orsat tubes by means of the cocks, I, 71, III, and on 
the other hand with the outer air through the stopcock h. The Orsat 
tube III contains caustic potash solution, II alkaline pyrogallol solu- 
tion, and I ammoniacal cuprous chloride solution. 

Manipulation. By raising the leveling bottle N and opening the 
stopcock h, fill the measuring tube B with water. As soon as the 
water is above the mark in the widened part of the measuring tube. 
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dose the rubber tubing between the leveling bottle and the measuring 
tube by a pinchcock. Connect a with the source of the gas; drjiw it 
into the measuring tube by lowering Ihe leveling bottle and opening the 
pinchcock. The U-tube on the leftside of the apparatus is filled ^\■ith 
glass wool and seia’cs as a filter; any smoke l)cing removed from the 
gas to bo examined. The sample thus collected is naturally contami* 
nated with the air from the rubber tubing, the U-tubo, and the capilIao’» 
which must be removed. The cock h serves for tliis purpose and is 
prodded with a T-boring. Turn the cock so that the buret communi- 
cates with the outer air through a small tube (not shown in the illus- 
tration), and expel the gas by raising the bottle iV. Repeat this process 
of filling and emptying 3 timc.s, and ilsc the fourth filling of the t\ibc R 
for the analysis. Bring tlio gas in the buret to the zero mark, and 
place it under atmospheric pressure by quickly opening and then closing 
h. After this drive over the gas into the potash bulb and back again to 
the measuring tube several times, until there is no further absorjition; 
after this again read tlic volume of the gas. In the same way pa.s.<? 
the gas Hucccssivoly into the pyrog.allol and the cuprotis chloride tubes, 
t!iu.s obtaining the volumes of CO*, Oj, and CO in the gas. 

Tlio chemists of the United Stales Steel Corpomtion nnalyre various pas mhtutvs 
daily, RKsl-fiim.'icc pns, coke-oven prm, imKiuccr pas, natural pa.", anti flue pas 
arc analyzed rcpularly, and the chcjuwla arc frr<juently callwl ui>on to analyze acner 
pv, mine air, water pas, cahatwt ptis c<»niprfswl furl pa.«, comprcsswl oTyprn, com. 

nitropen, nitropen and liydropcn mixturrs, etc. Tliey have devivd an 
apparalu*! of the Orvat tj-fK: aliich hw proved aatixfnrtor}' for the examination of 
all tiies! Rtsrs in the lalKirntorj’ Tliey nKi nv a jxjrtaiile Omat npparatu!* wliirli 
li xerj* friniihr to that rlwwn in Up 117 TJie larprr lalKiratory apparatus ha«i 
iruany di«tinct impnivoment.x It liaa, for rx.ample, three difTrmit Inillrt for levelinp 
and fiu-hinp, an air comprcwir, red^lance coiU for hratinp t!m pa'e^, and a plow. 
fomini.*lIon pijx’t. In dc-ipninp the nppnmtus tJie attempt wn.x made to ovoid 
errttr due to inaccuracy of tlic Imrcl praduatema anil etTt>ra cauM-xl by tlie enpHlary 
rpacT tltat may lie left when IIjc pas mixture ix Imn^femd to the pax imrrt for ttievu 
umnonl Tlie Jnirctx with thix npparatux Itaxe a capacity «,f 100 ml, and the 
praduatinnx cxtetnl f<if a dixtanor of alxMit 07 cm from the top ri:f»ulder w Jiich iiiakf-* 
the rlraipiit furl pa.x Imrrt ca*:ly rr.a*Iahle to within 0 0.’ ml. ^Vherl the p,ax |x cfin- 
f.ned over Water, the ShcHinch Imrrt ix rrcommendfxj nx ron\cni'‘nt In readiof,. Tlie 
rmir due to unu'ial capillary rparv haa li*x*n praeticnlly rliminatrxl Hie rto^N-orkx 
are of rj^-rial de-ipn and, .a-x u«iial, are plaec^l at the top in the main line of rnanlhilij 
whii-h la ma<le of rapillar)* tut'inp amnrxxl i»» that liquid fnun eael, of the twehe 
ran lx* drawn up to itx own rtoj^^ick and all tlie pax in tlie n’xnifoM cm 
drixrn ox-rr into tl e Imrrt h> riK-anxof water or an aquermx rolutlon ff,.m ti fludiinj; 
Je 5 »-t TliUx the entire rapdlar>' F}»afe ix Mt f.llM with w ater rfler farh (htrrtnina. 
t. '*1 ».x ihii the rapilhra’ rrrt'T m elifnmatr>l and no prrli'iiimry flu-hif px are rr<piiri.l 
to prepxre the apparatux f<.r ov- Tl-e Imerl J« fM'-\.e<l jfi n rla*a enutle (.f alxmt 
t»»'-'»‘ t}«* dunwtrr ».f tl-»* !/’ir*t Tl ix »« le|>t f.n«l with wler, afel rm-rn due to 
t-c'.t tetrj»-rati.rr whi'h a^eet l».'h tfje vi.1 rs-'* of tl>e pax arwl tl»e watrr 
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Bunte’s Apparatus 

This apparatus, shown in Fig. 118, differs from those previously 
described, inasmuch as the absorption takes place in the measuring 
vessel itself, whereas in the others it takes place in the pipets. 

The Bunto buret has a capacity of 110-115 ml between a and 5; a 
is a three-way cock, while b is bored only once. 

Manipulation. Connect the buret with the leveling bottle N as 
sho^Ti in the illustration, open a and b, and allow the water to run up 
to the mark in the funnel above a. Connect 
the key of the stopcock o with the source of 
the gas, lower N, turn a to the proper position, 
and draw the gas into the buret. After 101-103 
ml of the gas has entered the buret, close a and 
h, raise N, and by opening b compress the gas in 
the buret until the confining liquid has exactly 
reached the zero mark. Now cautiously open 
the cock a, when some of the gas in the buret 
\siU escape through the water in the funnel. The 
gas in the buret is now under a pressure equal to 
that of the atmosphere plus the pressure from the 
column of water in the funnel, and all subsequent 
measurements arc takenunder thosamceonditlons. 

Alisorphons. In order to introduce the dif- 
ferent absorbents into the buret connect its lower 
end by means of the rubber tubing h with the 
bottle F containing a little water and with the 
water blown up into the rubber tubing. Open 
the cock b and the scrcwcock h. Allow the 
water in the buret to run out until it exactly 
reaches the cock b, which is then closed. Place Fia. 118. 

the absorbent in a small dish, introduce the lower 
tip of the buret into the liquid, and open the cock b. Inasmuch ns tlie 
gas in the buret is under less than atmospheric pressure, the absorbent 
is sucked up into the buret. Now close the cock b, grasp the buret 
above a and below’ 5 (in order not to warm the gas), and shake its con- 
tents well; again dip the tip of the buret into the absorbent in the 
dldi and draw up a little more of the nbsorl>cnt into the buret. Repeat 
tliis process until no more of the ab.'^rbent is Kucke<{ up into tlic buret. 
It would now be incorrect to read the volume of the unabsorbed gas, 
for it is under a pressure qtiitc different from that at tlie l)cginning of the 
analj-sls, namely, the atmospheric pressure less the pressure of the 
column of liquid remaining in the buret with the cock b open. Further- 
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more the vapor tension of the liquid in the buret is different from that 
of the water originally present. In order to obtain the original con- 
ditioiK, connect the buret with the bottle F, which now contains only- 
enough water to fill the rubber tubing and the glass tube, and drain 
off the absorbent from the buret into the lx>ttle until the upper level of 
the liquid reaches the cock 6.* Then dip the end of the buret into a 
dish containing water, which rises into the buret on opening h. Close 
the latter and allow water to run into the buret from the funnel until 
the oripnal pressure is established, when the volume of the gas is once 
more read. The difference gives at once the percentage of absorbed gas. 

By means of this excellent method the carbon dioxide can be removed 
by caustic potash, heavy hydrocarbons by bromine water, oxygen by 
alkaline pyrogallol solution, and carbon monoxide by cuprous chloride. 

ANALYSIS OP GASES WHICH ARE ABSORBED 
CONSIDERABLY BY WATER 

Under this heading belong NzO, SO*, HeS, Clj, SiF*, HF, NH*, etc. 

1, Nitrous Oxide, NjO. Mol. Wt. 44.02 

DeesUy « 1.5297 (air « 1).» Weight ofl ! « 1,9766 g 

Molarvolume “ 22.261. Critical tetoperature « +36®0 

The determination of nitrous oxide can be effected with accuracy by 
combustion, and this may be carried out in two different ways: 

1. According to Bimsen, by explothng with hydrogen, or according 
to v. Knorre, by means of the Drchschmidt capillary. The contrac- 
tion produced is equal to the original volume of the mtrous oxide: 

NsO-f Hf -H eO + Ne 

1 TOl X toL 0 TOt I Tol 

2. According to Poliak, by combustion Trith pure carbon monoxide, 
either by explosion or with the help of the Drehschmidt capillary; the 
volume of the COa formed, winch is measured, is equal to the volume 
of the nitrous oxide: 

NsO 4* GO *= COg 4" Ng 

1 toL X toL 1 tqL X 

There is no contraction in tins ta-se. 


* The absorbent is now by no means exhausted; it can he returned to the proper 
bottle and used for several more detemunaUona. 

» Lord Rayleigh, Proc. Roy. Soc.^ 74, 181 (1904). 
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2. Nitric Oxide, NO. Mol. Wt. 30.01 

Density « 1.0366 (air = 1).* Wright of 1 1 = 1.3402 g 
Molar volume = 22 391. Critical temperature * — 94®C 

ABSORPTION COEFFICIENTS OF NITRIC OXIDE FOR WATER* 


Temperature 


Temperature 






5* 

0.06461 

35* 

0.03734 

10® 

0.05709 


0.03507 










0 04323 


0.03040 




• L W. Winkler, Ber . S«. 1414 (1901). 


Although nitric oxide is only slightly soluble in water, its determina- 
tion will be discussed at this place because this gas frequently occurs 
with nitrous oxide, and must therefore be determined at the same time. 

Nitric oxide may be determined by absorption with a concentrated 
solution of ferrous sulfate or an acid solution of potassium perman- 
ganate, likewise, according to E. Divers,* by an alkaline solution of 
sodium sulfate (40 g NajSOa + 4 g KOH in 200 ml HaO) with the 
formation of NajNjOzSOj.’ It can be determined accurately, according 
to Baudisch,* as follows: Introduce a measured volume of the gas 
into an absorption pipet filled with mercury and containing a moist 
stick of solid potassium hydroxide, and add, from a buret, a measured 
volume of air. The NO gas is immediately oxidized to N 2 O 3 , which is 
absorbed by'the potassium hydroxide: 4NO + O 2 + 4KOH = 2 H 2 O 
+ 4 KNO 2 . Since 5 volumes of gas disappear for each 4 volumes of NO 
originally present, it is evident that the contraction, Vc, is ^ as large 
as the original volume of NO, and NO = O.SVc. 

According to v. Knorre and Amdt,^ NO can also be determined by 
combustion. Mix the gas with hydrogen, and pass the mixture very 
slowly through a Drehschmidt capillary (p. 679) heated to bright 
redness. Under these conditions the nitric oxide is reduced to nitrogen. 

2NO -h 2 H 2 = 2 H 2 O + N 2 , and the volume of NO = %Vc 


* Computed from observations of Gray (1905), Guyo and Davila (1906). 

» J. Coll. Sci. Imp. Univ. Tokyo, 11, 11 (1893). 

* Nitric o\ido is only partially absorbed by an alkaline solution of pyrogallol, 
forming alkali nitrite, NjO, and Ni- C. Oppenheim, Ber., 36, 1744 (1903). 

*Ber., 46, 3232 (1913). 

‘Rer., 21,2136 (1859). 




728 


If op . 

« 

Dot n . ^ ^ormp/ ^ ^ofc iot T ^od- 

pure In <o carr. ap- 

Accord! . 

■ss^H5‘*-.sr"'«rr "• 

SS.*: "». «* 

■■* •2'+, 5 


t“— «.::::--5-,5 

'«e He “"P® 'i«e tt, 

Analt-c.v , « *ajf It'*’ '”‘*““1 lie „ ““■ 

?vt;„ .. (a) r-^^. ®“® aad W,-.-.- . 


W f,f '■o'uine “"*' Pass it h, 

Toth . ‘^"--»0. 

the red h f’® ”"*tun. „ jj " t^offon ^r 
and tj, * ‘ P'atinu,^ excess „r ^^'‘^de 

“-"ssrvrjctcr 



DETERMINATION OF NITROUS GASES 729 

volume of NO, then x + y = and = Yq, from which it follows 
that X = Vk — 2Vc and y = 2Vc. 

Determination of Nitrous Oxide, Nitric Oxide, and Nitrogen in the 
Presence of One Another 

(a) By Combustion with Hydrogen in a Drehschmidt Capillary 

After noting the contraction formed by the combustion with hydro- 
gen, add an excess of oxygen to the gas residue and burn the mixture 
in the Drehschmidt capillary; two-thirds of the contraction which now 
takes place is equal to the amount of unused hydrogen in the first 
oxidation. If this quantity is deducted from the amount of hydrogen 
originally added, the differonce, Vn, represents the amount of hydrogen 
necessary. 

We have now: 

NjO NO Nc 

1. x+ y + 

2. x-k-Yiy ^Vc 

Z. x+ y ^Vh 

from which we can compute 

x=ZVb- 2Vo 

V - 2(^0 - Vb) 
z = V-Vh 

(b) By Combustion with Carbon Monoxide in the Drehschmidt Capillary 

In this case, using the same notation, * + y + 2 = V, 0.5y = Vc, and 
X 4- y = Vjc (volume of carbon dioxide). From this it follows: x = Vk 
— 2T''c, y = 2Vc, and z — V ~Vk. 

Determination of Nitrous Oxide, Nitric Oxide, and Nitrogen in the 
Presence of Carbon Dioxide 

The accurate determination of lutrous oxide in the presence of car- 
bon dioxide offers great difficulties. It is not possible to determine 
nitrous oxide by combustion with hydrogen in the Drehschmidt capil- 
lary, because when the carbon dioxide is present it takes part to some 
extent in the combustion, CO 2 + Hs = H 2 O + CO; and the previous 
absorption of the carbon dioxide by means of a large quantity of caustic 
potash is equally unsatisfactory, because considerable nitrous oxide 
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toII be absorbed by the reagent. The best way to effect this deter- 
mination consists in absorbing the carbon dioxide by solid, moist 
potassium hydroxide contained in an absorption pipet filled with 
mercuiy. The difference in volume before and after the absorption 
gives the volume of COg. Transfer the .residual gas to the mercuiy 
pipet, add a measured volume of air, and absorb the NO as described 
on p. 727. In the residue determine N4O according to p. 726, and the 
N2 by difference. 


3. Nitrogen, Na. Mol. Wt. 28.02 

Density = 0.96727 (lur = 1). Weight of 1 1 = 1.2505 g 
Molar volume *= 22,41 L Critical temperature =* — 

ABSORPTION COEFFICIENTS OF NITROGEN FOR WATER* 


Temperature 


Temperature 

p 


0.02348 

0.02081 

0.01857 

0.01682 

0.01542 

0.01432 


0.01340 

0.01254 

0 01183 
0.01129 
0.01087 
0.01051 


35® 
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• L. WinUer, Ber., 84. 3606 (1891). 


Nitrogen cannot be determined by any of the ordinary methods of 
gas analysis. It is usually estimated by determining all the other con- 
stituents present in a mixture and subtracting the sum of the percent- 
ages found from 100. 

Technical preparations of nitrogen, prepared from the air, always 
consist of nitrogen and small amounts of rarer elements. According 
to Cavendish these latter may be obtained by adding oxygen and 
allowing a strong electric spark to pass through the mixture. In this 
way the nitrogen is completely oxidized to nitric acid, which can be 
removed by means of caustic potash solution. Then, by absorbing 
the oxygen, the rarer gases are obtained. A still better process is that 
of Hempel, in which the nitrogen is absorbed by passing the gas over 
a glowing mixture of 1 g magnesium, 5 g freshly burnt lime, and 0.25 
g sodium. The rare gases are not absorbed by this treatment. 

According to Bunsen, there is no combustion of nitrogen when de- 
tonating gas explodes in the' presence of air, provided that not more 
than 30 volumes of combustible gas are present for each 100 volumes of 
non-combustible gas. There is no oxidation of nitrogen during a com- 
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bustion of a gas mixture which is passed through a Drehschmidt plati- 
num capillary. 

ANALYSIS OF GASES BY TITRATION OF THE ABSORBED CONSTITUENTS 

If a mixture of gases contains several constituents, of which two are 
removed by the same absorbent, and one of these can be determined 
by titration, it is a matter of no difficulty to determine the amount of 
each. The diminution in volume after treatment wth the absorbent 
represents the amount of the two constituents, the titration value 
represents the amount of one of them, and the difference shows the 
amount of the other. Such problems can be solved in a variety of ways, 
and only a few examples will be mentioned. 

1. Chlorine, Clj. Mol. Wt. = 70.91 

Density «= 2 48S (air =■ 1).* Weight of 1 1 = 3.216 g 
Molar volume - 22.04 I. Critical temperature = +146® 

Determination of Carbon Dioxide in Electrolytic Chlorine* 

The apparatus shown in Fig. 119 is suitable for this purpose. 

Fill the absolutely dry eudiometer, B (the capacity of which be- 
tween the two stopcocks is accurately known, and for convenience 
may be 100 ml), through the lower cock, after drying the gas by passing 
it through a long calcium chloride tube.’ After 5-10 minutes it is safe 
to assume that the air has been completely replaced by the gas. Now 
close the lower three-way cock and then the upper one. Note the 
temperature and barometric pressure. 

Connect the tip of the buret with the reservoir N by rubber tubing. 
Turn the three-way cock so that the reservoir communicates with the 
outer air, and then thoroughly wash the lower tip of the buret and the 
stopcock, and close the latter. Prepare a solution of potassium arsenitc 
by dissolving 4.95 g As 203 in dilute potassium hydroxide, adding dilute 
sulfuric acid until the solution is neutral to phenolphthalein, and then 
diluting to 1 1.* Place 100 ml of this solution in N and expel any air in 

^Leduc, Compt. rend., 116, 968 (1893); TYeadwell and Christie, Z. angew. Chem., 
47, 446 (1905). 

* Treadwell and Christie, Z. angew. Chem., 47, 1930 (1905). 

* If the buret and gas are not perfectly dry, some chlorine will be absorbed by 
the water. This will not affect the gas reading, but will be harmful in the subsequent 
titration. 

‘ An ordinary solution of arsenite prepared with sodium bicarbonate cannot be 
Used here 
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the rubber tubing by pinching it with the thumb and finger. By raising 
N and opening the stopcock, cause a little of the areenite solution to 
flow into the buret, which is inclined from side to side in such a way that 
the walls are thoroughly wet with the arsenite solution. The chlorine 
is slowly absorbed, as is evident from the fact that the solution slowly 
rises in the buret. As soon as there is no further absorption, close 
the lower stopcock and make the solution in the 
buret flow back and forth several tim^, by invert- 
ing the buret and then turning it back again. 
After 1-2 minutes all the chlorine will have been 
absorbed. Then in order to absorb all the carbon 
dioxide present, lower the tube Ny pour 10 ml of 
potassium hydroxide solution {1 : 1) in the funnel, 
and carefully introduce it into the buret. Again 
close the stopcock and run the alkali solution back 
and forth in the buret. 

After bringing the liquid in the buret and in the 
leveling tube to the same height, take the reading. 
By deducting this from the original volume of the 
gas, the volume of the chlorine plus that of the 
carbon dioxide is obtained. To determine the chlo- 
rine, empty the contents of the buret and of the 
leveling tube into a large Erlenmoyer flask and turn 
the stopcock to the position shown in the drawing 
so that the liquid in the rubber tubing can flow out. 
Remove the tubing from the buret and rinse it out 
with distilled water which is also allowed to run into 
iV. Now add the contents of the buret and rinse the buret itself with 
distilled water. 

To the contend of the Erlenraeycr flask add 2 drops of phenol- 
phthalein solution, hydrochloric acid until the red color just disap- 
pears, 60 ml of 3.5 per cent sodium bicarbonate solution, and a little 
starch solution. Titrate the excess of the arsenious acid with 0.1 N 
iodine solution. 

Determine the ratio of the arsenite solution to the iodine in the same 
way as in the above titration. Place 100 ml of arsenite solution in an 
Erienraeyer flask, add 10 ml of causUc potash solution, 2 drops of phenol- 
phthalein, hydrochloric acid to decolorization, and then 60 ml of sodium 
bicarbonate solution. Dilute to the same volume as that of the ori^nal 
experiment and titrate with iodine. If n ml w’as used in the analyds 
and n' ml is required in the direct titration of the sodium arsenite solu- 
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tion then n' — n multiplied by 1.102* ^ves the number of milliliters of 
chlorine gas at 0®C and 760 mm pressure. In other words, 

= (n' - n) X 1.102 


However, as the original gas was measured at the temperature i®C 
and under the pressure B mm, it follows, according to p. 671, that 


“ 760 -(273 + 0 

from which can be computed 

_ • 760(273 + 0 

B-273 


If V is the original volume of the gas used and R that of the residual 
gas in the buret, then 


da + COa + residue = F 
residue ** R 


Cla + COa = V - i? 

-Cla = r 

COa = r - (B + V') 


and in percentage 

[V -(R + V ')] . 100 

X y 


per cent COa 


Schloetter® has described another method for the examination of 
electrolytic chlorine gas. The chlorine is absorbed by means of hydra^ 
zine sulfate, whereby 2 volumes of chlonnc set free 1 volume of nitrogen. 
The carbon dioxide is then absorbed by means of caustic soda solution. 

P. Forchland’ determines the chlorine by absorption with mercury 
in the residual gas after the COa has been absorbed with caustic potash. 
This last method, according to the experiments of Busvold,^ gives 
good results; it is to be recommended especially for the analj'sis of 
chlorine gas from the Deacon process. 

Examination of the Unabsorbed Gas Residue. Usually the residual 
gas is too small in amount (as in the above case) to examine quanti- 
tatively, so that for this part of the analysis a larger sample of the gas 

' Tins value is derived from the fact that the molar volume of chlorine is 22.04 1. 
Since Cl, corresponds to 2 oxidation equivalents, each milliliter of 0.1 N iodine 
“ 1.102 ml of chlorine gas at 0® and 700 mm. 

* Z. angew. Chan , 1904, 103 

*Z. EUktrochan., 13, 114. 

* Inaug. Dissert., Zorich, 1909, also P. PhilosophofT, Chan. Ztg , 1907, 959, 
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should be taken. The apparatus shown in Fig. 120 has been used 
for this purpose with good results. The thick-walled filter bottle A 
has a capacity of about 1.5 1. It contains about 500 ml of strong caustic 
potash solution and the absorp- 
tion tube with stopcock E is fas- 
tened air-tight within it. 

Manipulation. Fiist fill the ab- 
sorption tube with the caustic pot- 
ash solution by suction through E, 
finally closing H. Then turn the 
3-way cock to position II, and, 
by suction through the left ade 
arm, fill the glass tube with the 
caustic alkali solution up to the 
cock. Turn the cock to position 
I, connect the left ade arm, by 
means of a short piece of rubber 
tubing and a long piece of glass 
tubing, with the source of the gas, 
and aspirate several liters of ’gas 
through this tube. As soon as it 
is safe to assuioc thaiall the air has 
been driven out from the tubing, 
turn the cock to position 11) con- 
nect the aspirator at c with flask A, 
in which a slight vacuum is pro- 
duced, whereby the gas begins to 
collect in the absorption tube. Chlorine and carbon dio.xide are com- 
pletely absorbed, while the residual gas collects in the upper part of the 
absorption tube. Allow the gas to enter the tube until 50-70 ml of the 
gas residue is obtained; then close cock /, remove the aspirator, drive 
the gas over into a Hempel gas buret, and analyze according to the 
methods already described. 

At ■&€ carbon electrode (the anode), not only chlorine but also a 
small amount of oxygen is liberated. The ox>'gen attacks the car- 
bon of the electrode, forming carbon monoxide, the greater part of 
which in turn combines with the chlorine, forming phosgene ^s, COCb, 
but this is decomposed by water with the formation of COa and HCl: ^ 

COCI 2 -f H 2 O - COs -f 2HCI 

This accounts for the presence of COt and GO in chlorine wMch has 
been prepared eleetrolytically. 
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2. Hydrochloric Acid, HCl. Mol. Wt. 36.47 

Denaty = 1.2686 (air = 1).* Weight of 1 1 = 1.6400 g 

Molar volxune = 22.24 1. Critical temperature = +62'’C 

Hydrochloric acid is determined in gas mixtures by absorption in 
standardized alkali hydroxide solution. 

3. Sulfur Dioxide. Mol. Wt. 64.06 

Density = 2.2639 (air = 1).» Weight of 1 1 = 2.9267 g 
Molar volume = 21.89 1. Critical temperature = -{*165®C 

For the determination of sulfur dioxide from pyrite burners, F. Reich 
recommends that the gas should be drawn by means of an aspirator 
through a measured amount of 0,1 N iodine solution, colored blue 
with starch, until the latter is decolorized. The amount of the gas 
is equal to the quantity of water which has flowed from the aspirator 
plus the volume of the absorbed SO?. 

Other examples of gas analyses in which the absorbed constituent 
is estimated by titration are found in the determination of the hydrogen 
sulfide in gas mixtures (p. 620) and in the determination of carbonic 
acid in the atmosphere by the method of Pettenkofer (cf. p. 521). 

4. Determination of Ethylene, according to Haber 

The principle of this method was discussed on p. 696. The deter- 
mination can be carried out in the Bunte buret (cf. p. 725, Fig. 118). 

First, determine the contents of the lower portion of the buret from 
the lowest scale division to the cock by weighing the water drawn from 
between these points, after allowing the buret to drain. Then intro- 
duce about 90 ml of the gas to be examined into the buret and take the 
thermometer and barometer readings. Then, exactly as described on 
p. 725, draw down the liquid by suction to the stopcock,* pour a little 
bromine water into a small evaporating dish, allow about 10 ml of 
the liquid to rise into the buret, and, in order to wash the bromine water 
from the tip into the buret, add 2 or 3 ml of water. 

Thoroughly wet the walls of the buret with the bromine vratcr, by 
suitably turning and inclining the tubcj in this way the ethylene is 

‘ I.«duc, Compt. rend , 125, 571 (1897), found the density of hydrogen chloride 
to be 1.2092, nnd Busvold, Inaug. Dissert., ZOrich, 1910, obtained the value 1.26S0. 
The above figure is the mean of thcs5c two determinations. 

*Ledue, Compt. rend., 117, 219 (1893). 

* After about 1 minute liquid will collect above the stopcock, owing to the drainage 
of the liquid from the sidc-s of the buret; this is removed before adding the bromine. 
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quickly absorbed. To determine the excess of bromine,^ allow a strong 
solution of potassium iodide to rise into the buret and vigorously shake. 
Run out the liquid into an Erlemneyer flask, carefully ws^h the buret 
■svith water, and titrate the deposited iodine with 0.1 N sodium thio- 
sulfate solution. Determine the titer of the bromine water by pouring 
a little into a porcelain dish, pipeting off 10 ral of it, allowing this amount 
to run into a solution of potassium iodide, and titrating the liberated 
iodine with 0.1 sodium thiosulfate solution. 

The method of calculating the results will be illustrated best by 
means of an example. 

Example. A gas consisting of 00 volumes of mr and 10 volumes of ethylene was 
used for the analysis. Taken for analysis 0J.2 n?l of the mixture. Temperature, 
18.3’. Barometer reading, 725 mm. Tenaon of aqueous vapor at 18.3® » I5.C 
mm mercury. 

Volume of the ungraduated portion of the buret 6.30 ml 

Reading of the bromine water in the graduated part 10.00 ml 

Bromine water used 16,10 ml 


Ten milliliters of the bromine water corresponds to 12.0 ml 0 1 N sodium thiosulfate 
solution, so that 16.10 ml of bromine water is equivalent to 10.32 ml of 0.1 N sodium 
thiosulfate. 

We have now: 

36.1 ml bromine water = 10.32 ml 0.1 N solution 

16/1 ml bromine water + ethylene =» 12.23 ml 0.1 N solution 

The ethylene corresponds to 7.09 ml 0.1 N solution 


Since the absorption of the ethylene by the bromine water takes place according 
to the equation 


C:H« + Br, « C,H*Br, 


it follows that 2Br »= 21 ** 20,000 ml 0.1 W sodium thiosulfate solution » 22,270^ 
ml ethylene gas. Since 1 ml 0.1 N sodium thiosulfate corresponds to 1.314 ml 
CjH^, the 7.09 ml of 0.1 N solution used represents f.09 X I. HO *= 7.04 mi CaHi 
at 0®C and 760 mm pressure, or 0.10 ml CjH* at 18.3®C and 725 mm measured, 
moist. 


9.1 1 
Air “ 82.1 j 
91.2 


and in per cent 


CjHi 10.0 per cent 
Air =» 9Q.Q per cent 
100.0 per cent 


* This method is especially suited for the determination of ethylene 
present with benzene in illuminating gas. In one sample the sum 
of the two gases can be detennined by absorption with fuming sulfuric 
acid or bromine water, and in a second sample the ethylene as described 
above. 


*Cf/p. 691. 
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Remark. Instead of using bromine water, which changes its strength so rapidly, 
it is better to use a tenth-normal solution of potassium bromate; on acidifying, an 
equivalent quantity of bromine is obtmned (cf. p. QQ9). 

The experiment is carried out as foUo^ro: Exactly as described above, 
introduce 90 ml of the gas into the Bunte buret, withdraw the water 
till the lower cock is reached, place some potassium bromate in a 
small porcelain dish, draw up about 10 ml of it into the buret, and 
determine the volume. Then, after wiping off the lower capillary, 
add an excess of concentrated potassium bromide solution and finally 
introduce an excess of dilute hydrochloric acid. After shaking 8 min- 
utes, all the ethylene will be brominated. At the end of this time, allow 
10 per cent potassium iodide solution fo enter the buret, shake and empty 
into an Erlenmeyer flask. Titrate the iodine thus liberated with 0.1 N 
sodium thiosulfate solution. The calculation is carried out as before. 

6. Determination of Ethylene in the Presence of Acetylene 

In one sample determine the sum of the ethylene and acetylene by 
absorption in fuming sulfuric acid and determine the ethylene by the 
bromate-bromide absorption method, just described. In the cold, 
acetylene is not absorbed by dilute bromine water, and this method is 
suitable for determining ethylene in the presence of small quantities 
of acetylene. If considerable acetylene is present some acetylene is 
likely to be absorbed. 

The acetylene, however, may be removed by means of a 20 per cent 
solution,of mercuric cyanide in 2 iV sodium hydroxide. Use 10 ml of 
the solution for each 50 ml of the gas mixture. Have the absorbent 
over the mercury in an absorption pipet. After the removal of the 
acetylene, ethylene can be removed by the following reagent: Dis- 
solve 20 g HgfNOs)^ in 100 ml of 2 HNO? and saturate the solution 
with NaNOa. Use 5 ml of the absorbent over mercury for the absorp- 
tion of ethylene. After this benzene can be absorbed in fuming sul- 
furic acid and then CO, CH* and in the usual way. 

GAS-VOLUMETRIC METHODS 

If as a result of a chemical reaction a gas is evolved, from the vol- 
ume of which the weight of the original substance can be computed. 

Examples of this sort of an analysis were given under the determina- 
tion of CO2 in carbonates (pp. 329, 330, 334, 33G), and the NO3 in ni- 
trates (p. 386). 

At this place a few more important determinations of the same nature 
will be described. 
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Hydrogen Peroxide Methods 

Hydrogen peroxide frequently acts as an oxidizing agent; under other 
conditions it has a marked reducing action, and by shaking with inert 
solids it is decomposed slowly into water and oxygen. 

This anomalous behavior can be explained very easily by assuming 
that one of the oxygen atoms in hydrogen peroxide has one positive 
and one negative charge as valence bonds. 

When hydrogen peroxide decomposes spontaneously on standing, 
a reaction which is often aided by shaking with an inert substance 
such as sand, this neutral ojQ^gen atom is lost and oxygen molecules 
are formed. When hydrogen peroxide acts as an oxidizing agent, 
this neutral ox5'gen atom is reduced to its normal negative valence of 
2. When hydrogen peroxide acts as a reducing agent, gaseous o^gen is 
always one of the products of the reaction. It is usually assumed that 
half of the evolved oxygen comes from the oxidizing agent and half 
from the hydrogen peroxide. Thus 

2MnOr + SHsOa +■ 6H+ = 2Mn++ + 8H2O + SOg 

In the two following methods which involve the use of hydrogen 
peroxide, a iaige excess of the peroxide should not be used and long- 
continued shaking should be avoided. 

(a) Standardization of Permanganate Solutions 

The determination is best made according to Lunge in a gas volu- 
meter (p. 331, Fig. 46). To obtain correct results, however, 4t is ab- 
solutely necessary that no excess of hydrogen peroxide be present. 
Consequently it is necessary to determine by means of a preliminary 
experiment the exact value of the permanganate solution in terms of 
the H2O2 solution used (cf. p. 562). Then place a measured amount of 
the latter in the outside part of the Wagner decomposition bottle 
(Fig. 46, a, p. 331), and add 30 ml of 6 JV sulfuric acid. After this, intro- 
duce the exact amount of hydrogen peroxide required for the de- 
composition of the permanganate into the inner part of the bottle and 
connect the bottle with the measuring tube, which is filled with mercury, 
the cock b being removed for the time being, but it is replaced at the 
end of 2-3 minutes and turned to the position shown in the figure. 

Then mix the two liqmds, taking care to hold the decomposition 
flask so that its contents will not be wanned by the heat of the hand, 
inclining it to an angle of about 90®, and shaking for exactly 1 minute. 
While the oxygen is being evolved, care must be taken that the gas in 
the eudiometer is under reduced pressure. After the decomposition 
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13 accomplished, place the gas under atmospheric pressure, close b, 
and by means of the compensarion tube, reduce the volume of the gas 
to what it would be at 0®C and 760 mm pressure, as described on p. 331. 

As the above equation shows, 10 equivalents of KMnO< furnish 5 
moles of oxygen or 5 X 22.39 1. Hence 1 ml of oxygen gas at 0® and 
760 mm corresponds to 1/11.20 = 0.0893 milliequivalent of KMnO<. 
If n ml of KMnOi solution liberates T ml of O 2 the KMn 04 solution is 
V 

— 0.0893 normal, 
n 

Remark. The volume of permanganate to be taken for the experiment is deter- 
mined by the size of the measuring tube. If it has a capacity of 160 ml, 15 ml 
of a 0 2 JV solution or 40-50 ml of a 0.1 N solution shoxdd be taken. 

The hydrogen peroxide used should not be too concentrated; a 2 per cent solution 
is suitable. The available oxygen present in a sample of pyrolusite' can be deter- 
nMed by the same procedure. 

(b) Determination of Cerium in Soluble Ceric Salts 

If hydrogen peroxide is added to an acid solution of a soluble cerio 
salt, the salt is reduced wth evolution of oxygen : 

2Ce++^ + H 2 O 2 = 2Ce+++ + 2H+ -|- O 2 

The determination is accomplished in precisely the same way as was 
described above in the standardization of the permanganate solution. 
If the volume of liberated oxygen reduced to 0® and 760 mm is multi* 
plied by 0.01637, the product represents the corresponding weight of 
CeOa. 

Remark. If a large excess of hydrogen peroxide is avoided in the above analysis, 
satisfactory results will be obtained. 

Silicon Fluoride, SiF«. Mol. Wt. = 104.06 
Density = 3.605 (air = I). Weight of 1 1 =» 4.6C0 g 
Molar volume = 22.40 I 

Determination of Fluorine as Silicon Fluoride (Hempel and Oettel)^ 

Principle. If a mixture of calcium fluoride and powdered quartz is treated with 
concentrated sulfuric acid in a glass vessel, all the fluorine will be expelled as Bilicon 
fluoride: 

2CaF, + SiO, + 2II,SO. = 2CaSO, + 2H,0 + SiF« 

and this gas can be collected and measured- 

Onc milliliter SiF« at 0* and 760 mm pressure corresponds to 0.006971 g CaFj, or 
0 003393 gF*. 


* Lunge's Alkali Mahers' Handbook. 

* CoianafyliscAc Mclhoden. 
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Procedure. Mix a Tvcighed amount of the very finely powdered 
substance, which must not contain any other acid that can be expelled 
by treatment with concentrated sulfuric acid/ with 3 g of finely pow- 
dered ignited quartz, and introduce into the dry decomposition flask 
K (Fig. 121). Evacuate the flask somewhat by tnice lowering the 
leveling tube N with the stopcock H open, closing the cock and ex- 
pelling the air. At the beginning of the experiment, the buret H 
should not be connected with the Orsat tube 0. By raising the ground- 

glass tube jB, cause about 30 ml 
of concentrated sulfuric acid to 
flow into the flask. This acid 
must have been prenously heated 
in a porcelain crucible for some 
time at a temperature near the 
boiling point, to destroy every 
trace of organic matter, and 
allowed to cool in a dedecator 
over phosphorus pentoxide. Heat 
the acid in X to boihng with the 
stopcock H open, and frequently 
shake. During the entire experi- 
ment, keep the mercury level in, 
the tube N" a little lower than 
that of the mercury in the meas- 
uring tube 3/.® 

JPio. 121, At firet the sulfuric acid foams 

considerably, but soon ceases, 
wMch is a sure sign that the decomposition is complete. Then remove 
the flame, allow the sulfuric acid to cool, and expel all the gas in by 
introducing through V sulfuric acid, which has been pre\’iously heated 
and cooled as described above. As soon as the sulfuric acid reaches 
the stopcock H, close it. After waiting 10 minutes more, place the 
gas under atmospheric pressure, by suitably raising N, and note the 
v'oluroe and temperature. 

Now dri’i'-e the gas ov'er into the Or^fc tube O, containing caustic 
potash solution (1 : 2). Tlie sUicon tetrafluoride is immediately ab- 
sorbed. Return the residual gas to the tube M, and after waiting 15 
nunutes read the volume. The difference between the two readings 
pves the volume of silicon tetrafluoride. 

iCf. pp. 404, 405. 

* To keep the inside of N perfectly diy, place 2-5 ml of conceotrated sulfuric acid 
on top of the mercury. 
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Remarks. A. Koch tested this method in the Ziirich laboratory and obtjuned 
results varying from 98.97 to 102 63 per cent with pure calcium fluoride. To obtain 
this accuracy, however, it is necessary to carry out the decomposition under approxi- 
mately atmospheric pressure. "When worldng under a vacuum the results were 
always too low. Thus in one experiment only 85.70 per cent of the theoretical value 
was obtained. 

During these experiments with reduced pressure, a white sublimate formed at the 
lower part of the condenser, which, on coming in contact with the sulfuric acid that is 
introduced at the last, caused a strong effervescence. Since all the gas in the buret 
was replaced, however, we believed that the low results could be traced to the 
absorption of silicon fluonde by the sulfuric acid This idea proved to be false, for 
a measured volume of silicon fluoride does not change when allowed to stand for 
24 hours over concentrated sulfuric acid. The error, therefore, must be caused by 
the deposit that has condensed in the lower part of the condenser. If the work is 
carried out under atmospheric pressure as described above, the white deposit is 
never obtained. 

The method can be used for the estimation of fluorine in the presence of car- 
bonates. In this case the silicon fluoride is absorbed by means of a little water and 
the carbon dioxide by means of caustic potash. However, as a little of the carbon 
dioxide is dissolved by the water, the gas residue which has been freed from carbon 
dioxide is shaken with this water again, whereby this dissolved carbon dioxide is 
removed and con be absorbed by a further treatment with caustic potash solution. 
For further details, consult the original paper by Hempel and Schcffler.^ 

Determination of Water Vapor in Gas Mixtures 

In gag analysis it is a common practice to express the results in per- 
centages by volume. Thus if a mixture of oxj’gen and carbon dioxide 
measures Vi ml under atmospheric pressure and after the carbon 
dioxide has been absorbed the residual gas measures 1% ml under the 
same pressure, it is customary to assume that the original gas con- 
tained Vi — Vi ml of CO 2 and V 2 ml of oxygen. A little consideration 
^\ill show that this is really an inexact assumption although it is true 
that the original mixture could be obtained by mixing the indicated 
volumes of carbon dioxide and oxygen. 

^\llcn two or more gases are mixed, each occupies the total volume 
of the mixture. This is an apparent contradiction because two bodies 
cannot occupy the same space. With a gas, however, the actual volume 
taken up by the molecules is verj' small compared to the total volume 
occupied by the gas, and it is customary to neglect it in gas analysis. 
Thus at 0®and 1 mm pressure, 1 1 of hydrogen ga.9 contains only O.IC ml 
of space actually occupied by hydrogen molecules. Under higher 
pressures, the actual volume occupied by tlie molecules becomes less. 

In V ml of carbon dioxide and oxj'gen under atmospheric pressure, 
therefore, there arc present V ml of carbon dioxide and V ml of oxj’gcn, 

* Z. anorg. C/im., 20, 1 (1897). 
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and the pressure of the mixture is the combined pressures of the two 
gases. In any gas mixture, the total pressure is the sum of the 'partial 
pressures. 

In a mixture of two gases, the percentage composition can be easily 
computed if the volume of the gas mixture is known under a definite 
pressure and temperature, and, at the same time, the partial pressure 
of one of the gases is known. Moreover, the ratio of the partial pres- 
sures of the gases shows the relative volumes provided that the gases were 
measured singly under the same pressure and at the same temperature. 

Applications. 1. Reduction of Volumes of Moist Gases to a Dry Con- 
dition at 0° and 760 mm. If a gas is saturated with water vapor at any 
temperature, the partial pressure exerted by the water is known. Water 
evaporates until the vapor pressure of the liquid water is exactly bal- 
anced by the gas pressure exerted by the evaporated water and this is 
independent of whether other gases are present or not. The table on 
pp. 751-753 pves the vapor pressures of water at various temperatures. 
If a gas saturated with water vapor occupies a volume Vt at and 
P mm pressure (of liquid mercuiy) and w is the tension of aqueous 
vapor at this temperature, then the volume occupied by the dry gas 

at 0® and 760 mm pressure would be To = Vt * 

760(273 -f 0 

2. Calculation of the Moisture in the Air at Normal Pressure (760 mm) 
and Temperature f. 

What is the percentage of moisture (by volume) of air saturated with 
moisture at 0®, 25®, and 35®? According to the table: wo = 4.6 mm; 
u )25 — 23.5 mm; and Wa = 41.8 mm. By dividing each of those val- 
ues by 760 and multiplying by 100, we find the percentage of moisture 
to be 0.61 per cent at 0®, 3.09 per cent at 25®, and 5.50 per cent 
at 35®. 

If the gas is not saturated with moisture, the relation of the dry gas 
to the moist one can be computed if the degree of saturation, or humidity, 
is known. The humidity of the gas expresses the amount of moisture 
as a percentage of the amount that the gas contains when saturated 
with moisture. Thus, if the humidity is 50 per cent, the gas could take 
up just as much more water at the prevailing temperature. If the 
humidity is r, then, if the given gas were measured diy at 760 mm 

y(P — T-w) 

and at the same temperature, its volume would be — r ; and 

760 

if the water exists as gas at 760 mm pr^ure and the same temperature, 

. y ‘ r ■ -uj 

Its volume is — Trr : — • 

7dU 
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3. Calculation of the Weight of Water Vapor in a Given Volume of 
Air, at and P ram pressure, which is saturated Tsith moisture. 

If 1 ml of water exists as a gas at 0® and 760 mm pressure, it ought 
to weigh 0.000801 g as an ideal gas. At P and P mm pressure, it 
should weigh 

O.QOOSOl X P X 273 
760 X {273 + i) ® 

If the gas is not saturated with water vapor, but the degree of satu- 
ration (the humidity) is known, then the following formula ^ves the 
weight of water vapor present in the volume Vt of the gas: 

Q.0Q801 •r-io-«f‘273 

760(273 + 0 ® 

Or, if the weight of vapor present in a ^ven gas volume is known, 
then from the last equation the humidity, r, of gas may be computed : 
g • 760(273 4- f) 

^ ~ 0.000801 • w • r, • 273 

Dessi^ Tables 

One of the easiest methods for determining the percentage compo- 
sition of a solution containing only one dissolved substance is to deter- 
mine the density of the solution. This, however, is not a reliable method 
of analysis because the density of a solution is never strictly proportional 
to the quantity of dissolved substance, and if a density cun*e is plotted 
for all possible concentrations, it will sometimes be found that there 
are, at certain parts of the curve, two different concentrations that 
have the same density. 

Instead of determining the density of a solution, or weight of the unit 
volume in a vacuum, it is often customary to determine the weight of 
the solution as compared to the weight of the same volume of another 
liquid. Water is commonly taken as the basis of comparison, and since 
1 ml of water at 4® weighs 1 g, the specific grarity when referred to water 
at this temperature is the same as the density, W’ben this is defined as 
the weight in grams of 1 ml of water. 

Unfortunately, however, usage has not been uniform in the choice 
of temperature at which the specific granties have been taken, and the 
comparison is often made with water at the same temperature. 

The extensive application of hydrometers as measuring instruments 
in the collection of revenues in commerce and for buying and selling 
certmn liquids has led the National Bureau of Standards to define the 
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various scales in terms of fundamental units. Some of the tables in 
this book are taken from this source. Some years ago the Manu- 
facturing Chemists’ Association of the United States published tables, 
which have been copied in qmte a number of textbooks, in which the 
specific gravities were taken at 60°F and referred to water at the same 
temperature. 

"Whenever a specific gravity value is given, the modulus should also 
60® 

be stated. Thus a specific gravity at F means that the comparison 

15 ® 

was made at 60®F with water at the same temperature, and ~ C means 

that the comparison was made at 15®C with water at 4®C. 

The confusion, however, does not end here. Just as certain civilized 
countries, particularly England and the United States, have been 
slow to adopt the metric system, so the people of most coimtries have 
held tenaciously to other scales for determining relative masses of 
equal volumes of liquids. Thus the English Twaddell scale and the 
various French Baum4 scales are still in constant use. Throughout the 
text of this book, the metric system has been used for the sake of rim- 
plicity, and, as far as the analytical chemist is concerned, density 
tables are, on the whole, more satisfactory than specific-g^a^dty tables. 
Data will be given, however, showing how these tables can be translated 
into other umts. 
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DENSITY OF STRONG ACIDS AT IS" IN VACUO 
(According to Lukge, Islee, Naef, and Marchlewskt)* 

In determining the weight m the sur of a given volume of acid or base in this and 
the following tables, it must be remembered that the values here are made with 
allowance for the buoyancy of air (cf pp. 13-15, 435-437). 
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DENSITY OF POTASSIUM AND SODIUM HYDROXIDE 
SOLUTIONS AT IS** C 


Specific 

Gravity 

Per Cent 
KOH 

Per Cent 
NaOH 

Specific 

Gravity 

Per Cent 
KOH 

Per Cent 
NaOH 

1.007 

0.9 

0.59 

1.252 

27.0 

22.50 

1.014 

1.7 

1.20 

1.263 

28.2 

23.50 

1.022 

2.6 

1.65 

1.274 

28.9 

24.48 

1.029 

3.5 

2 50 

1.285 

29.8 

25.50 

1.037 

4.5 

3.22 

1.297 

30.7 

26.58 

1.045 

5.6 

3.79 

1.308 

31.8 

27.65 

1.052 

6.4 

4.50 

1.320 

32.7 

28.83 

1.060 

7.4 

5 20 

1.332 

33.7 

30.00 

1.067 

8.2 

5.86 

1 345 

34.9 

31 20 

1.075 

9.2 

6 58 

1 357 

35.9 

32.60 

1.083 

10.1 

7.30 

1.370 

36.9 

33.73 

1.091 

10.9 

8.07 

1 383 

37.8 

35.00 

1.100 

12.0 

8.78 

1.397 

38.9 

36.36 

1.108 

12.9 

9 50 

1.410 

39.9 

37.65 

1.116 

13.8 

10.30 

1.424 

40.9 

39.06 

1.125 

14.8 

11 06 

1.438 

42.1 

40.47 

1.134 

15.7 

11.90 

1.453 

43.4 

42.02 

1.142 

16.5 

12.69 

1.468 

44.6 

43.58 

1.152 

17.6 

13 50 

1.483 

45.8 

45.16 

1.162 

18.6 

14 35 

1.49$ 

47.1 

47.73 

1.171 

19.5 

15.15 

1.514 

48.3 

48.41 

1.180 

20.5 

16 00 

1.530 

49.4 

50.10 

1.190 

21.4 

16.91 

1.546 

50.6 


1.200 

22.4 

17.81 

1.563 

51.9 


1.210 

23.3 

18.71 

1.580 

53.2 


1.220 

24.2 

19.65 

1.597 

64.5 


1.231 

25.1 

20.69 

1.615 

55.9 


1.241 

26.1 

21.55 

1.634 

67.6 

, 
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DENSITY OF AMMONIA SOLUTIONS AT 15" C 


(According to Lttnob and WnsRUis:)* 


Specifio OraTity^ 

Per Cent NH| 

Speei&a Gravity 

PerCect NB> 

1,000 


0.940 

15.63 

0.998 

0.45 

0.938 

16.22 

0.996 

0.91 

0.936 

16.82 

Q.m 

1 3.37 

0.934 

17.42 

0.992 

1.^ 

0.932 

•18.03 

0.990 

2.31 

0.930 

18.54 

0.988 

2,80 

0.92S 

19.25 

0.9S6 

3.30 

0.92G 

19.87 

0.984 

3.80 

0.924 


0.982 

4.30 

0.922 

21.12 

0.980 

4.80 

0.920 

21.75 

0.978 

5.30 

0.918 

22.39 

0,976 

6.80 

0.916 

23.03 

0.974 

6,30 

0.914 

23.6S 

0.972 

6.80 

0.912 

24.33 

0.970 

7.31 

0.910 

24.99 

0.968 

7.82 

0.908 

25.65 

0.966 

8.33 

0.906 

26.31 

0.964 

8.84 

0.904 

26.98 

0.962 

9.35 

0.902 

27.65 

0.960 

9.91 

0.900 

23.33 

0.958 

10.47 

0.898 

29.01 

0.956 

11.03 

0.896 

29.69 

0.954 

11.60 

0.894 

30.37 

0.952 

12.17 

0.892 

81.05 

0.950 

12.74 

0.890 

31.75 

0.948 

13.31 

0.888 


0.946 

13.88 

0.886 

33.23 

0.944 

14.46 

0.884 


0.942 

15.04 

0.882 

34.95 


* Xao£»-BetL dm, txkn. UBUrmeiunffimetieien. 
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HEATS OF COMBUSTION OF 1 L OF GAS MEASURED 
AT 0® AND 760 MM BAROMETRIC PRESSURE 


1 

Gas 

j 

Weight of 1 Ii 
in Grams 

1 lUferred to 

Gaseous Water ' 
Calorics 

Liquid Water 
Calories 

Carbon monoxide 

Hydrogen 

Methane 

Ethylene 

Propylene 

Benzene gas 

Acetylene 

1.25016 

0.09004 

0.71488 

1.25899 

1.93660 

3 48428 
1.18080 

2,560 1 
2,595 
8,505 
14,018 
21,226 
(?)33,750 
13,582 
about 900 
“ 3,386 

“ 1,400 

1 " 5,000 

1 3,034 
3,077 
9,469 
14,989 
22,720 
(7)35,198 
14,073 
about 1,000 
“ 3,700 







1 “ 5,500 

1 




The values in the above table are based upon Thomsen’s measurements and 
only in the case of benzene is the theoretical density used.* 


STANDARD TEMPERATURES 

At the seventh General Conference on Weigbts'and Measures the followingstand- 
ard temperatures were adopted for preparing an international temperature scale. 


Boiling point of oxygen —182.97® C 

Melting point of ice 0.00 

Boiling point of water 100.00 

Boiling point of sulfur 444.60 

Melting point of silver 960 . 6 

Melting point of gold 1063 


•Julius Thomsen, Thermochem. Unlersuckungen (1882), Vol. II, pp. 56, 85, 
107, and Vol. IV, p. 254. 

CO + 0 = CO* + 67,960 cals. 

' Hs + 0 = H»0 + 68,357 cals 


CHi +40 =2HjO + CO* + 211,930 cals. 
CjH^ + 60 « 2 HA) + 2 CO, + 333,350 cals. 
C,H, + 90 =3 HA) + 3 CO, + 492,740 cals. 
C,He + 15 O = 3 H,0 + 6 CO, + 787,950 cals. 
C,H, + 60= H,0 + 2 CO, + 310,450 cals. 
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MELTING POINTS OF THE CHEMICAL ELEMENTS* 


Element 


Helium 

Hydrogen 

Neon 

Fluorine 

Oxygen 

Nitrogen 

Argon 

Krypton 

Xenon 

Chlorine 

Mercury 

Bromine 

Cesium 

Gallium 

Rubidium 

Phosphorus 

Potassium 

Sodium 

Iodine 

Sulfur 

Indium 

Lithium 

Selenium 

Tik 

Bismuth 

Thallium 

Caduiitm 

Lead 

Zinc 

Tellurium 

Antimont 

Cerium 

Magnesium 

Aluminum 

Radium 

Calcium 

Lanthanum 

Strontium 



* Reproduced from Circular 35 (2nd edition) of National Bureau of Standards. 


APPROXIMATE TEMPERATURES BY COLORS 


First visible red, 

Dull red 

Cherry red 

Dull orange. . . . 
White... .... 
Dazzling white. 


625 

700 

900 

1100 

1300 

1500 
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DENSITY OF PHOSPHORIC ACID AT 17.5® 
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USEFUL DATA OF THE MORE IMPORTANT INORGANIC 
COMPOUNDS — Continued 




Molecular 

Weight of 

Solubility 



or Atomic 


in 100 e 



Weight 

equivalent 

Water 

Cyanogen 

(CN), 

52 02 

0 02601 


r> , -.r. 


159. 6S 

0 07984* 



71.84 

0 07184* 

insol. 


151 91 

0 1519* 



278.01 

0 2780* 

32.80® 


392.14 

0 3921 

18*® 


80 924 

0 08093 

221.20® 


36 46 

0.03646 

. 82.5W® 


27 02 

0 02702 



20 01 

0.02001 

264 


127 93 

0 1279 



34 016 

0 01701 



34.076 

0 01704 

437 ml.o® 


126 92 

0 1269 

.0182“" 

Iron 

Fe 

55.85 

0 05585 



Pb 

207 21 

0 1036 


carbonate 

PbCO, 

267 22 

0.1336 

.00198 


223 21 

0 1116 



239 21 

0 1196 


■ 

239 27 

9 1196 

.0001 


24 32 

0 01216 



84.33 

0 04216 

.0100 


95 23 

0 04762 

52.20* 


203 33 

0 1017 

167 


40.32 

0 02016 

.00062 


120 38 

0 06019 

26.90® 

Bimate 


246 49 
134.09 

0 1232 

0 00705 

70.90® 

54 93 

9 02746 



125 84 

9 06292 

62.16“" 


86 93 

9 04346 

insol. 


150 99 

9 07549 

53.20® 

■ • 

271 52 

9 1358 

5 . 730 * 


58 69 

9 02934 



63 02 

9 06302* 


* 

63 02 

9 02101* 



76 02 

9 01900* 



108 02 

9 05401* 



108 02 

9 01800’ 



47 02 

) 04702 



14 01 

9 01401* 


f .. 

90 04 

) W502 



126 07 

) 06304 

4 . 90 * 


9S 00 

) 09S00-'* 

V. sol. 


98 00 

) 04900P 

V. sol. 


98 00 

) 03267’ 

V. sol. 


39 10 

) 03910 



100 11 

) 1001 

22 .4»* 


188 18 

) 1882 

. 370 * 


119 01 

9 1190 

53.480® 



138 20 

0 06910 

89.40® 

cWorate 

KCIO, 

122 56 

0 02043* 

3.30s 


‘ Pr«:ipiUtioB reagents • Acjds and bases • Otidtiing and reducing ageata. 

If Methyl orange. p. Pheadphlhalein. Temp, a 
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USEFUL DATA OF THE MORE IMPORTANT INORGANIC 
COMPOUNDS — Concluded 


Substance 

Formula 

Molecular . 
or atomic 
weight 

Weight of 

1 miUi* 
equivalent 

Solubility 
in 100 g 
Water* 

Potassium chloride. . . . 

KCl 

74.56 

0.07456 

28.5*“ 

chromate 

KsCrO* 

194 20 

0.06473* 

61.6*° 


KjPtCI# 

4S6.16 



cyanide 

KCN 

65.11 

0.06511* 

V. sol. 

dichromate 

KjCtiO, 

294.21 

0.1471* 

4.9®° 

dichromate 


294 21 

0.04903* 

4.9«° 

ferrocyanide 

K4Fe(CN)« 

368.34* 

0.3683* 


fenocyanide 

K4Fe(CN)s.3H^ 

422 39* 

0.4224 

27.8“° 

hydroxide 

KOH 

56.10 

0.05610 

107>*° 

iodate 

KIOj 

214.01 

0.03567 

4.74®° 

iodide 

KI 

166.02 

0.1660 

126.1®° 

nitrate 

KNO, 

101.10 

0.03370* 

13 3«° 

nitrite 

KNOi 

85 10 

0.0S5I01 

300“*° 

oxide 

KiO 

94 19 

0.04710 

V. sol. 

permanganate ...... 

KMnO* 

168.03 

0.03161 

2 83®“ 

sulfide 

KS 

110 25 

0.05513 

sol. 

tartrate 

KtH4CiO*-MH^ 

235.27 

0.1176 

sol. 

thiocyanate ........ 

KCNS 

97.17 

0.09717 

177.2®° 

Silver 

Ag 

107.88 

0.1079 


nitrate 

AgNO, 

169.89 

0.1699 

123®° 

Sodium 

Na 

23.00 

0 02300 


bromide 

j NaBr 

102.91 

0.1029 

79.6®° 

bicarbonate 

! NaHCO, 

84.01 

0.08402 

6.90»° 

carbonate 

1 NaiCO, 

106.00 

i 0 05300 

7.1®° 

chloride 

NaCI 

58.45 

0.05^5 

35.7®° 

cyanide. 

NaCN 

49 02 

0.04902 

sol. 

hydroxide 

NaOH 

40..01 

0.04001 

133.3“° 

iodide 

Nal 

149 92 

0. 1499» 

168.7®° 

nitrate 

NaNO, 

85.01 

0.03834* 

72.9»° 

nitrite 

NaNO, 

69 01 

0.06901* 

i 83.3*®° 

oxalate 

Na^CiOe 

, 134.01 

0.06700 

3.22* **° 

oxide 

NajO 

GI . 99 

0.03100 

decomp. 

phosphate (mono)... 

NaHJOrHiO 

138.01* 

0 1380(?) 

V. sol. 

phosphate (disod).. . 

; NajHPOi 

1 141.98* 

0. 1420(?) 


phosphate (disod).. . 

Na,HPO4l2H,0 

358.17 

0.3582(?) 

6 3®° 

phosphate (trisod) . 

Na,P04l2H,0 

380.16 

0 3802 


sulfide 

NasS 

78.05 

0.03903 

J5.4“° 

thiosulfate 

NsjSjOrSH^O 

248.20 

0.2482 

74.7“° 

Stannous chloride 

SnCl» 

189.61 

0.09481 

83.9®° 



225.65 

0.1128 

118 7®° 

oxide 

SnO 

134.70 

0 06735 

insol. 

Sulfur dioxide ... 

SOj 

64 06 

0.03203 

7979 ml.®“ 


, SO, 






98.076 

0 04004 


Tartaric acid 


150.09 

0 07564 

115®° 

Tm 

Sn 

118 70 

0 05935 



Zn 

65.38 

0 03269 


carbonate 

ZnUO, 

125.39 

0.06269 

.001“° 


ZnCl, 

136.29 

0.06814 

209®° 


ZnO 

81.38 

0 04069 

001° 



161.43 

0 08071 

43 02®° 



287.54 

0.1438 

115 2®° 

sulfide 

ZnS 

97.44 

0 04872 

00069 

* Precipitation reagents. 

* Acids, bases and salta 

* Ondtring and reducing agenta 


* The email superior sumbera in the lost ctdiniMi refs’ to the temperature in degrees Centigrade. 

* In the Uebig ECN titration and in the determuiation of nickel the milheqmTaleQt is 0 1302. 
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COMPARISON OF METRIC AND CUSTOMARY UNITS (U.S.) 
LENGTH 

1 millimeter, mm = 0.03937 inch. 1 inch »= 25 4 millimeterg. 

1 centimeter, cm = 0.39371 inch. 1 inch = 2 5400 centiraeters. 

1 meter, m = 3 2808 feet. 1 foot = 0.30480 meter. 

1 meter = 1.0936 yards. 1 yard » 0.91440 meter. 

1 kilometer *= 0.62137 (U.S.) mile. 1 mile = 1.6094 kilometers. 


AREAS 


1 Square millimeter, sq mm >= 0.00155 sq in. 

1 sq in 

= 

645.16 sq mm. 

1 square centimeter, sq cm = 0.1550 sq in. 

1 sq in 

= 

6.452 sq cm. 

1 square meter, sq m 

= 10.7G4 sq fL 

1 sq ft 

= 

0.0929 sq m. 

1 square meter 

= 1.196 sq yd. 

1 sq yd 


0.8361 sq m. 

1 Square kilometer 

s 0.3861 sq 0 U. 

1 sq mi 


2.6900 sq km. 

1 hectare 

= 2.471 acres. 

1 acre 


0.4047 hectare. 


VOLUMES 




1 cubic millimeter, cu mm a 0.000061 cu in. 

1 cu in 

a 

16,387 cu mm. 

1 cubic centimeter, ml 

= 0.06103 cu in. 

1 cu in 

= 

16.387 ml. 

1 cubic meter 

« 35.314 cu ft. 

1 cu ft 


0 02832 cu m. 


«• 61,028 cu in 



28.32 Uters. 

1 cubic meter 

= 1.3079 cu yd. 

1 cu yd 


0.7645 cu m. 


CAPACITIES 




1 cubic centimeter, ml 

« 0.03381 (U.S.) hquid 03 . 

1 ounce 


29.574 ml. 

1 cubic centimeter 

» 0.2705 (U.S.) apothecaries’ 




dram. 

1 dram 


3.6967 ml 

1 cubic centimeter 

*= 0.8115 {U.S.) apothecaries’ 





scruple 

1 scruple 


1.2322 ml. 

1 liter 

= 1.05GCS <UJ8.) liquid qt. 

1 quart 


0.94636 liter. 

1 liter 

= 0.26417 (U.S.) gaUon. 

1 gallon 


3.78M3 liters. 

1 liter 

= 0.11351 (O.S.) peck. 

1 peck 


8.80982 hters. 

1 hectoliter 

= 2.83774 (U.S.) bushels. 

1 bushel 


0.35239 hectoliter. 


MASSES 

I gram = 15.432 grains. Igmin «» 006-180 gram. 

1 gram = 0 03527 avoirdupois 

ounce. 1 ounce (ar.) = 28 350 grams 437.5 grains. 

Igram ss 0.03215 troy ounce. louncc(troy) « 31.103gTams « 4S0grains. 

1 kilogram = 2.2016 pounds (av.). I pound (av.) « 0.4536 kilogram. 

1 kilogram 2.0792 pounds (troy). 1 pound (troy) 0.3732-1 kilogram. 
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TABLES FOR CALCULATING ANALYSES 
DIRECTIONS FOR USING THE TABLES 
Computations of Gravimetric Analysis. The methods of computing the re- 
sults in gravimetric work have been shown in the text. In the scKalled direct analysis 
it is assumed that all the desired element in the original substance is converted 
into a weighed precipitate of which a known fraction consists of the element in 
question. The fraction, usually expressed as a decimal, which represents the 
amount of an element A in one of its compounds is commonly called the chemical 
factor: It represents the weight of A in 1 part by weight of the compound, inde- 
pendent of what unit of weight is used. 

Thus, to he specific, 1 g of silver chloride contains 0.7626 g of silver; 1 lb of 
silver chloride contains 0.7526 lb of silver. If p g of silver chloride is obtained from 
« g of original substance, then 0.7526 p is the weight of silver in the sample taken and 

9 P cs per cent of fiilver in the substance analyzed. The general rule 

8 

for computing a direct gravimetric analysis is ss follows: Multiply the w'eight of 
the precipitate by 100 times the chemical factor and divide by the weight of the 
original substance. Using the notation as above: 

p X chem. factor X 100 ... 

- - - = desired percentage 


A table of chemical factors is given on the following pages. The use of the table 
may be illustrated by an example: 

From 0.6 g of arsenic ore, 0 4761 g of MgjAsjOj was obtained. What is the 
percentage of arsenic in the ore? 

In the table (p 768) we seek '* As ” under the heading " Sought ” and MgjAstO; 
under the heading " Found,” and we find on the same line that the chemical factor 
is 0.4826. Finally, in the fourth column we find that the logarithm of this number 
multiplied by 100 is 1.6836. The computation Is as follows: 

log factor X 100 1.C830 

log 0.4701 9 0777 - 10 

colog 0.5 0 3010 

1.GG23 log of 45.65 

The ore contains 45.65 per cent of arsenic. 

If the weight of ore had been 0 4826 g (a so-called factor weight) the percentage of 
arsenic would have been found by multiplying the weight of precipitate by 100. 

This table of factors is convenient, but every chemist should know* how to com- 
pute any factor. As this often causes trouble for beginners, the method of com- 
puting the factors will be discussed 

Computing the Factor. The ssTubol AgCl shows that 1 atomic weight of silver, 
107.8S, is present in 1 molecular w'cight of silver chloride, 143.31. This ratio of 
weights is independent of the unit of weight used and is ju«t a.s true of tons, pounds, 
ounces, or grains as it is of grams. Using the conception of the gram-molecular 
weight, the formula showra that I07.SS g of alvcr is present in 143.34 g of siU’cr 
fhloritle. If 143 3-1 g of silver chloride contmna 107.SS g of silver, 1 g of silver 

chloride will contain “ 0.7526 g eih-cr. In other words, the chemical 
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a single proportion has been written, out to be solved mechanieally by the rule that 
“ the product of the means is equal to the product of the extremes^” 


Computations of Volumetric Analy^ 

1. Relative Strength of Solutions. 

(а) If a ml of solution A — 6 ml of solution S, then 

ft Q 

1 ml of solution A = - ml solution B; 1 ml of K « - ml of A. 

a 6 

(б) If solution A is A’-nonnal, then solution R is p X A'-normaL 

6 

(c) If solution A is A’-norma! and solution B is Af-normal, then 1 ml 
of A = A’ /Af ml of B, 1 ml of B =* M/A' ml of A. 


2. A'ormal Strcnjih or NormatUy. 


The normal sirengtfi gives the number of miHiequivalents contained in 1 ml 
of solution. Thus, 1 ml of a normal solution contains I miUiequivalent 
in each milliliter 

(a) To find the nonuality, divide the value of I ml in terms of any pure 
substance by the milliequivalent of that substance. Thus, if ml 
represents the number of milliliters of solution that contains or is 
equivalent to g g of a pure substance (of which the milliequivalent 

is e), then the normality. A’, is ^ -» A\ 

P 


(6) If N is the normality, and e the milUoquivalent, then 1 ml of the solu- 
tion « « X N g of the substance in question. 

The mUHoquivalent may bo part of the molecule: thus 
1 ml of 0.3 N acid =» 0 3 X 0 031 g of NiiiO. 


3. General Melkoii of FmJtng the Percentage by H'eiglit. 

Let ml represent the net volume of reagent required, N the normality 
of the reagent, « the weight of substance taken, and e the milli- 
cquivalcnt weight of tlie constituent whoso percentage is renuired 
ml X N X e X 100 
Then — •= percent. 

Note that, if a *= iV • e • 100, then tnf « per cent. 


4. Fguii'alriil Il'eigWs 

(a) Acids. U’t M « molecular weight, MO = metliyl orange. F = 
plioiiniplilhalein. Tlie first threo acids may be titrated with'rihe- 


indicator. 


Acul 

Bgiu'i-alcnf 

UCl 

M 

UNO, 

M 

11, SO, 

M/2 

IICALO, 

ir,c.ir,o, 

rr.co, 

KllC.II.O. 

M (^Yith p; 
M/2 (WithP) 
M 011th p.' 
(With Pi 
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KHC,o,^°!9; 

B,Po, 

a,Bo. 


■M OKtl, 


OWthp, 


Bos 

Bugs 

NH.Oh 

BafOBJ, 


^^/WthAfg 

*». 


^(P“'faleni 

M 

With uq, 

W/2 


w 8AIT8 OP ttea^ 

acids 

s££‘ ~'5 15 « „, 

™acd,„ 3. “^“'■‘'ifpi.eDo 

Stasfa 


Silence 

®fnO, 
KMnO, 
_ MnO. 

®rO,„rgjg 

^^bstance 

B,S 

SaCl, 

Bl 

Za 

Ba,S,o, “ 
As.O, 


- c ^ bdd - a - 

0*toO- 


B^voSra 

W/6 

M/s 

M/3 

M/2 

M/6 

At xrt 
At Wf, 

At/2 


°^A,n Change 

„ S-iog, 
^^‘oSnl+H. 

J toj. 
Zn"toZa++ 
^•(oPe-H. 

1=^(0 Ps+PP 

"t^'ore+++ 

O* (o 0++ 

ro(Pe(CBJ,J- 

7b2CO, 

T S.'*'^' 

To2^“'S.O. 

»r2vU0r 


Bquivalent 
At/2 
At/2 
At 
At/2 
At Wt 
ITf. 

At 

At/2 

At 

At/2 

At/4 

At 

At/4 
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5. Equivalent teeighl depends on the reaction. 

Considered ns n salt (that is, as if it wxnj a precipitant) the equivalent weight of 
KMnO« = M. A solution of KMnOt which is normal as a salt would be 5 JV in a 
reaction with a ferrous salt whereby the Mn loses 5 valence charges, and would 
be 3 N in a reaction whereby the KMn04 is only reduced to MnOj. 

Similarly the equivalent weight of potassium binoxalate, KHCsO^, or of potassium 
tetroxalate, KHCjO«'HjCjO«-2lriO, depends upon the replaceable hydrogen when 
considered as an acid, but ns reducing agents the oxalate content alone is to be 
considered. A solution of tetroxalate which is normal as an acid is four-thirds 
normal as a reducing agent. Arsenic acid is like phosphoric acid as an acid, but 
in the reaction with hydr odic acid lire As is reduced from the quinquevalent to the 
trivalent state (cf. pp. 4-18-452). 

In the following tables the values of the chemical factors are given to four sig- 
nificant figures and with four-place logarithms. Most chemical work is not suffi- 
ciently precise to justify the use of five- or six-place logarithms, and the four-place 
table is much easier to use. In some handbooks, if not in all, the molecular weights 
are given to as many significant figures aa is possible from the international atomic 
weights. This involves two erroneous assumptions, namely, that the atomic weights 
are known positively to the hast decimal given in the atomic-weight table and that 
the gram-molecular weight, with weighings made in the nir with brass weights, is 
the exact sum of tlio atomic weights on a vacuum basis. The analytical chemist 
rarely allows for air displacement by the weights and objects weighed, but this is 
done in atomic-weight determinations Thus, according to the atomic-weight 
table, the molecular weight of FeSO«-(NH«)tSO«-OH}0 is 392.146, but the value is 
really 891.890 on the basis of air weighing. The value 392 1 os obtained from the 
table to four significant figures docs not lead to the erroneous assumption that the 
value is known to more than the first decimal. Moreover, although hydrogen may 
be known to the third decimal place, the value of iron is doubtful In the second 
decimal place, and the accuracy of the molecular weight of an iron compound is 
doubtful in the second decimal place at best. 
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CO. 

MkCO, 

0.5219 9.7176 


0 6014 9.7791 

MgO 

1.091 0.0379 

MnCO, 

0.3829 9 5330 

Mq(HCO,)j 

0.4974 9 6967 

NasCO, 

0.4I5I 9.6182 

NaHCO, 

0.5238 9.7192 

NajO 

0.7099 9.8512 

(NHOjCO, 

0.4580 9.6608 

PbCO, 

0.1647 9.2160 

RbjCO, 

0.1905 9.2800 

Rb(HCO,) 

0 3001 9.4777 

SrCO, 

0 2980 9.4743 

Sr(HCO,), 

0 4198 9 6230 

SrO 

04247 9 6281 

ZnCO, 

a3509 9.5452 

CO, 

CO 

1.364 0.1347 

Ca 

CaCl, 

0.3611 9.5576 


DaCO, 

0.4005 9 6025 


!/aCj04.Hj0. . . . 

0.2743 9.4382 


DaCiO, .... 

0.3129 9.4954 


^aR, . 

0.5133 97103 


CaO 

0.7140 98541 


UaSO, 

0.2944 9.4689 


CO, 

0.9109 9.9595 
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CHEMICAL FACTORS 
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CHEMICAL FACTORS — Continued 



MoOj.. .. 

MoSj 

MoS, . ... 
PbMo04... 


M 0 S 3 

(NH4),Mq04. 

(NH4),P04. 

12MoOj.. 
PbMo04 . .. 


. 0.6666 9.8238 NaHCOs 

. 0 4995 9.6985 

. 0.5994 9.7777 Na^O 
. 0.2613 9.4172 

. 0 7492 9.8746 
. 0.7344 9.8659 

. 0 9205 9 9610 
. 0 3920 9.5964 

0.2223 9 3470 
.0 3015 9.4835 

. 0.36S6 9.5665 

. 0.3045 9 4835 NaiSO, 

.0 2594 9.4140 

0.1648 9 2169 Na,S,Oj 
. 0 8225 9 9151 

. 0.1435 9 1569 

.0.2619 9.4181 NatSO* 


NaCI 

Na4S04 .... 

Na,CO, .... 
NaHCO, . .. 
NajHPO*. ... 
NaHjPO*. ... 

NajHjPjOr.... 

NaHSO, 

NaNOj 

iNaOH 

iNasSO* 


BaS04 

NajSsOi.SHzO.. 


. 0.5303 9.7245 
0.4364 9.6399 
. 0.5849 9.7671 
0 3690 9 5670 
. 0.4365 9 6400 
. 0.2583 9.4122 
, 0 2793 9.4461 
, 0 2979 9.4741 
. 0 3647 9.5619 
, 0.7748 9 8891 
0 4364 9.6399 


0.33S7 9 5298 
0.6371 9 8042 
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Acetic acid, 320 
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Acetic anhydride, 613, 614 
Acetylene, 694 
detection of, 695 
heat of combustion, 754 
in presence of ethylene, 737 
Acid content of fuming acids, 509 
Acidimetry, 457, 507 
Acids, densities of aqueous solutions, 747, 
756. 757 

ionizatioD constants, 460, 474 
organic, 612 
standardization, 480 
titration curves, 461 
titration of, 507, 509, 512 
Adsorption by precipitates, 22, 26, 651 
Adsorption indicators, 651, 652 
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Agreement of results, 19 
Air. carbon dioxide in, 338, 521 
density of, 12 
Air bath, 31, 69 

Alcohol-ether drying of precipitates, 200, 
258. 265. 267 
Aliquot parts, 265 
Alizarin yellow, 463 
Alkali bicarbonates, titration of, 496 
in presence of carbonates, 496, 498, 
521 

Alkali borates. 619 

Alkali carbonates, titration of, 495 

in presence of bicarbonate or hy- 
droxide, 498 

Alkali hydrosulfides in presence of hy- 
drogen sulfide, 617 

Alkali hydroxides, standardization of, 484 
titration of, 491 


Alkali hydroxides, titration of, in pres- 
ence of carbonates, 489, 49S 
Alkali perchlorates, solubilities, 273 
Alkali phosphates, determination of phos- 
phate, 506, 660 

Alkah sulfides, analysis of, 617, G30 

in presence of hydrogen sulfide or 
hydrosulfide, 617 
in presence of thiocyanate, 630 
Alkali suUhydrates, 617 ' 

Alkalies, 256. 269 

(caustic) densities of aqueous solutions, 
749 

ID silicates, 277, 416, 418 
separation, from cations of other group, 
72. 167, 205 
from magnesium, 288 
from molybdenum, 114 
from phosphate, 381 
titration of, 492 
Alkalimetry, 457, 491 
Alkaline-earth bicarbonates, titration of, 
502 

Alkabne-earth carbonates, titration of, 
496. 500 

Alkaline-earth hydroxides, titration of, 
500 

Alkahne-earth oxides and carbonates, 
500 

Alkaline-earth salts, titration of, 504 
Alkaline earths, 244 
separation, from alkalies and magne- 
sium, 249 
from Group II, 72 
from Group III, 167, 205 
from molybdenum, 114 
from one another, 251 
from phosphoric acid, 381 
Alummon, reagent, 152 
Aluminum, 148 

colonmetric determination, 152 
determination, as phosphate, 150 
in silicates, 414 
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Aluminum, determination, in eteel, 182 
with alutninon, 152 
with 8-hydroxyquinoline, 151 
with tannin, 152, 222 
separation, from alkalies and alludine 
earth, 167 
from beryllium, 226 
from chromium, 174 
from columbium, 223 
from iron, 167, 223 
from iron and phosphate, 171 
from manganese, nickel, cobalt, and 
zinc, 207, 209, 211 
from metals of Group ll, 72, 98 
from titanium, 176 
from uranium, 186 
from zirconium, 183 
Alundum crucibles, 32 
Ammonia (reagent), density of, 750 
detenmnation in ammonium salts, 493, 
635 

necessity for redistilling the reagent, 
148 

reagent free from carbonate, 206 
titration of, 493, 635 
Ammonium, 287 

colorimetric determination, see Vcl. /, 
Nessler Test 

gas-volumetric determination, 733 
in drmking water, see Vol. I, Nesder 
Test 

titration of, 493, 635 
Ammonium acetate solution, 59, 659 
Amtnomum fluoride for decomposing 
silicates, 419 

Ammonium molybdate reagent, 372, 373, 
374 

Ammonium perchlorate, solubility, 273 
Ammonium salts, ammonia in, 493, 635, 
removal before determining magne- 
sium, 257 
Analysis, 1 
gravimetric, 49 
indirect, 281, 285, 298 
titrimetric or volumetric, 433 
Angstrom unit, 24 

Anions, calculation in water an^ysis, 
677 

gravimetric determination of, 291 
Antimony, 89 


Antimony, electrol 5 dic determination, 93 
in Babbitt metal, 103 
in stibnite, 614 
in tartar emetic, G13 
removal from electrodes, 93 
separation, from arsenic, 118 
from arsenic and tin, 124 
from mercury, lead, etc., 98, 99 
from metals of Group III, 98 
from selenium and tellurium, 110 
from tin, 105, 123 
titration of, 613 

Antimony trioxide compounds, 613 
Apatite, chlorine in, 291 
phosphorus in, 381 
Apothecaries’ weights, 762 
Apparent iron value for standardization, 
539 

Area, units of, 761 
Algols, 134 
Arsenic, 82 

colorimetric determination, 84 
determinatjoD, as arsine, 8^8 
in Babbitt metal, 161 
in commercial lead arsenate, 625, 626 
In insecticides, 625, 628 
distillation of the trichloride, 118, 627 
electrolytic determination, 86 
separation, from antimony, 118 
from antimony and tin, 124 
from mercury, lead, etc., 98, 99 
from metals of Group III, 98 
from molybdenum, 115 
from selenium and tellurium, 109 
from tin, 110, 124 
from vanadium, 239 
volumetric determination, 613, 626, 
628 

Arsenic trioxide, analysis of, 613 
purification of, 591 
standard in iodimetry, 590 
titration of hypochlorite with, 644 
Arsenical sulfides, mckel and cobalt in, 
213 

Asbestos, palladiumized, 707 
Asbestos filters, 30 
Ascarite, 325 

Assay for gold and silver, 129, 136 
Assay ton, 136 

Atomic weight table, back cover 
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Aunntricarboxylic acid (aluminon), 151 
Austenite in steel, 341 
Available chlorine in bleaching powder, 
601, 644 

Available brae in quicklime and in hy- 
drated hme, 501 
Available sulfur in pynte, 316 
Avoirdupois weights, 762 
Azotometer, 362 

Babbitt metal, analysis of, 103 
Babo flanged joint, 607 
Baking powders, carbonic acid in, 325 
Balance, accuracy of, 1 
chainomatic, 5 
parts, 2 

precautions in use of, 4 
ndera for, 5 

sensitiveness or senaibihty, 3, 7, d 
Barium, 247 

detection in calcium precipitates, 415 
in silicates and rocks, 416 
separation, from calcium and stron- 
tium, 251, 253 
from magnesium, 250, 252 
from metals of Group II, 72 
from metals of Group III, 167, 205 
from phosphate, 381 
from strontium, 251, 252 
volumetric determination of, 500, 504 
Barium carbonate method of separation, 
207 

Barium chromate reagent, 658 
Barium hydroxide, standard solution of, 
491 

Barium hydroxide reagent, preparation 
of, 289 

Barium hydroxide separation of magne- 
sium from alkjilies, 289 
Barium peroxide, titration of, 562 
Barium sulfate, errors in precipitating, 
393 

separation from PbSO^ and SiOj, 59 
Bases, ionization constants of, 474, 476 
standardization of, 484 
Basic acetate separation, 209, 210 
Benzene, determination in gas mixture 
693 

heat of combustion of, 754 
separation from ethylene, 696 


Benzidine hydrochloride reagent, 229, 
656 

Benzoic acid for standardizing bases, 
485 

Berylhum, precipitation with tannin, 
226 

separation, from titanium, tantalum, 
and columbium, 223 
from uranium, 185 

Bicarbonates in presence of carbonates, 
498, 521 

Bismarck brown, 306 
Bismuth, 62 

determination in ores, 63 
electrolytic determination, 65 
separation, from arsenic, antimony, 
and tin, 98, 99 

from copper and cadmium, 80, 81 
from lead, 79 
from mercury, 78 

from metals of Groups III, IV, and 
V,72 

from molybdenum, 115 
from selenium and tellurium, 109 
Bismutbate method for manganese, 
551 

Bitter almond water, 301 
Blank tests, 36, 417, 568 
Bleaching powder, analysis of, 338, 601, 
044 

Blick, the, 130 
Boats for combustions, 346 
Boratra, analysis of, 364, 504, 518 
Borax, analysis of, 507, 519 
as acidimetric standard, 480 
Bordeaux, 634 
Boric acid, 364, 504, 519 
determination, in mineral waters, 367 
in presence of fluorine, 406 
in sihcates and enamels, 367, 520 
titration of, 504, 518 
Brass, analysis of, 72, 73 
Breech connector for combustion tubes, 
346 

Bromate methods, 628 
Bromine, determination, in bromine 
water, 592 

in mineral water, 597 
in non-electrolytes, 297 
in soluble bromides, 596 
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Bromine, gravimetric determination, 297 
separation, from chlorine, 298 
from chlorine and iodine, 290 
from hydrocyanic acid, 303 
from iodine, 299 
from thiocyamc acid, 3Qi 
volumetric determination, 592, 607i 
651, 653 

Bromocresol green, 463 
Bromophenol blue, 463 
Bromothymol blue, 463 
Bronze, analyds of, 101 
phosphorus in, 102, 375 
Bunsen burner, S3 

Bunsen valve, 35, 540, 563, 665, 631 
Buntc apparatus, 725 
Buoyancy effect of air, 11, 435 
Burets, 433 

calibration of, 437, 445 
draining of, 437 
for weighing solutions, 446 
reading of, 439 
Burners, 33 

Cadmium, 70 

colorimetric determination, 70 
detenmoation in alloys and in ores, 99 
electrolytic determination, 70 
precipitation as sulfide, 71 
separation, from arsenic, antimony, 

and tin, 98 I 

from copper, 81 
from lead, 81 
from mercury, 78 

from metals of Groups III, IV, and 
V,72 

from molybdenum, 116 
from selenium and tellurium, 109 
Calcium, 244 

determination, in limestone and port- 
land cement, 263 
in silicates, 415 

separation, from barium and strontium, 
251, 252 

from magnesium and alkalies, 249 
from metals of Group 11, 72 
from metals of Group III, 167, 205 
from phosphoric acid, 381 
volumetric determination, 266, 500, 
601, 558 


Calcium chloride for absorbing moisture, 
325, 344, 353, 355 
Calcium hypochlorite method, 634 
Calcium osalate, occlusion of magnesium 
oxalate by, 249 
solubility of, 244 

Calcium phosphate, determination of 
phosphate, 3Sl, 659 
<Bssolving, 659 

Calcium precipitates, testing for barium 
in, 415 

Calculating analyses, tables for, 763 
Calibrated fiasks, testing of, 442 
Calibration, of burets, 437, 445 
of flasks, 442, 446 
of gas-measuring instruments, 679 
of pipets, 442 
of weights, 13, 16 
Capacity, units of, 761 
Carbon, (n iron and steel, 339, 343, 344 
in nitrogenous organic substances, 359 
in organic substances, 354 . 

Qxrbon dioxide, behavior toward indi- 
cators, 469, 472, 406 
determination, 324, 329, 521, 6SS, 712, 
719, 730 
in air, 335, 521 

in presence of alkaU sulfite and thio- 
sulfate, 339 

in presence of chlorine, 338 
in presence of sulfide, 825 
Carbon monoxide, absorption coefficient 
for water, 701 

combustion in presence of nitric oxide, 
728 

detenmnation of, 703, 714, 720 
beat of combustion of, 754 
Carbonates in presence of bicarbonates 
and hydroxides, 498, 500, 521 
Carbonic acidfscfiofsoCarbon dioxide), 324 
combined, calculation of, 676 
free, calculation of, 677 
determination of, 620 
in air, 338, 521 
in baking powders, 325 
in carbonates, 324, 329, 520, 688 
in chlorine gas, 338, 731 
in illuminating gas, 712, 719 
in t^eral water, 327, 336, 676 
m presence of bicarbonate, 621 
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Carbonic acid, in presence of cyanic and 
hydrocyanic acids, 321 
in presence of nitric OTide, nitrous 
oxide, and nitrogen, 729 
Carbonyl sulfide, 689 
Carius tubes, 293 
Cathodes, cleaning of, 02, 93, 196 
Cations, calculation of those present in 
^•atcr, 676 

gravimetric determination of, 256 
Cement, Portland, analysis of, 261 
Cementite in steel, 339, 341 
Ceric oxide, iodimctric detennination, 
600 

Ceric sulfate methods, 635 
Cerium, in soluble salts, 739 
separation, from thorium, 425, 426 
from rirconium, 181 
Cesium, 285, 286 

separation from potassium and rubid- 
ium, 285 

Charcoal, testing the reducing power, 134 
Check results, 21 
Chemical factors, 610 708-775 
Chlorates, analysis of, 390, COl 
in presence of perchlorate and chloride, 
392 

reduction of, 300 
titration of, 665 
Chloride of lime, 338, 601 
determination of carbon dioxide in, 338 
reagent, 031 
titration of, 650, 052 
Chlorine, available, GOl 
free, determination by titration, 732 
gas, examination of, 731 
gravimetric determination, 291, 292 
in aqueous solutions, 291 
in insoluble chlorides, 291 
in minerals, 292 
In organic substances, 203 
separation, from bromine, 293 
from carbon dioxide, 338 
from chlorate and perchlorate, 392 
from cyanogen, 303, 654 
from fluorine, 400 
from lijT^ochlorous acid, 592 
from iodine, 293, 290 
from iodine and bromine, 299 
from thiocyanic acid, 361 


Chlorine, titration of, 592, 650, 652 
Chlorine water, determination of chlo- 
rine in, 592 

preparation and standardization, 596 
CUorophenol red, 463 
Chloroplatinates, conversion of chlorides 
into, 270, 271 

Chromates, gravimetric analj’sis of, 164 
volumetric analysis of, 605 
Chrome iron ore, 423, 605 
Chrome-sulfuric acid method of corabus- * 
tion, 352 

Chromc-tungstcQ steel, determination of 
tungsten, 230 

Chromic acid, see Chromates 
Chromic compounds, 162 
Chromite, analysis of, 423, 005 
Chromium, 162 

colorimetric determination, 165 
determination, in chromite, 423, 605 
in iron and steel, 5G9 
in ores and rocks, 240 
separation, from alkaline earths and 
magnesium, 167 
from aluminum, 174 
from iron, 173 

from nickel, cobalt, mangantsc, and 
zme, 207 

titration of, 569, 605 
Chromophors, 403 

Cinchonioc hydrochloride reagent for 
tungsten, 228, 230 
Clay, soluble silicic acid in, 422 
Cleaning solution, 433 
Coal, sampling of, 45 
sulfur in, 317 
Cobalt, 197 

determination in arsenical sulfide ores. 
213 

electrolytic determination, 197 
separation, from alkaline earths and 
magnesium, 205 
from manganese, 217 
from metals of Group 11, 03 
from metals of Group III, 207, 211 
from nickel, 217-219 
from phosphoric acid, 380 
from cine, 215 

Cobaltinitritc precipitation of potassium, 
275 
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CoUection and confinement of gases, 671 
Colloidal palladium, 706 
Colloidal Bolutions, 24 
Colloids, hydrophobic, 24 
hydrophylic, 25 
protective, 700 
Columbite, analysis of, 431 
Columbium, precipitation by tannin, 222 
separation, from Al, Zr, Th, U, and 
Be, 223 

from tantalum, 224 
from titanium, 225 

Combustion (elementary analysis), 354 
heats of, 754 
of gases, 703 
by explosion, 704, 721 
of organic compounds, containing halo^ 
gen, 360 

containing metal, 3Ql 
containing nitrogen, 359 
containing sulfur, 301 
Combustion boats, 346 
Combustion furnace, 845 
Combustion tube, 345, 355, 301, 302 
Composition affected by fine grinding, 44 
Computation, in titrimetric analysis, 455, 
765 

rules for, 20, 763 

Confining fluids, solubility of gases in, 
686 

Coning and mixing, 46 
Copper, 65 I 

detection of selenium and tellurium in, ' 
112 

determination, in brass, 73 
in bronze, 101 
in iron and steel, 77 
in ores, 611, 624, 663 
electrolytic determination, 08 
precipitation by cupferron, 154 
separation, from arsenic, antimony, 
and tin, 98, 99 
from bismuth, 80 
from cadmium, 81 
from lead, 80, 81, 101 
from mercury, 78 

from metals of Groups III, TV, and 
V, 72 

from molybdenum, 115 

from selemum and tellurium, 109 


Copper, volumetric methods, 611, 624, 
603 

Coprecipitation, 26 
Crcsol purple, 463 
Creaolsulfonphthalein, 403 
Critical points of steel, 342 
Crucibles, filtering, 30, 31, 32 
Gooch, 30, 31 
Munroe, 82 
Rose, 67 

CnMhing ore samples, 46 
Oystals, size of, 25, 45 
Cupellation, 129 
Cupferron, uso of, 154, 167 
Cutting or dividing sample of ore, 47 
Cyanic acid, 320 

in presence of carbonic and hydro- 
cyanic acids, 321 

Qranide method, for titrjiting copper, 663 
for titrating nickel, 660 
Cyanogen, determination, in mercuric 
cyanide, 302 

in presence of ferrocyanide, 655 
gravimetric determination of, 301 
in presence of chloride and thiocyanate, 
655 

In presence of halide, 303 
in presence of thiocyanate, 304 
volumetric determination, 653, 654 

Density, of acetic acid, 757 
of ammonia solutions, 750 
of dry air, 12 

of hj'drochloric acid solutions, 747, 748 
of nitric acid, 747, 748 
of phosphoric acid Bolutions, 756 
of potassium hydroxide and sodium 
hydroxide solutions, 749 
of sulfuric acid solutions, 747, 748 
of vrater, 435 
Density tables, 747-750 
Desiccator, 39 
Deviation of the mean, 19 
DibromoQuorescein, 652 
Dibromoth 3 TnolsulfoaphthaIrin, 4(^ 
Dichlorofluorescein, 652 
Dichlorosulfonphthaleio, 463 
Dichromate methods, 574 
Digit, defined, 20 
Dimethylaminoazobenzene, 463 
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Dimetbylaminoazobenzene-o-carboxylic 
acid, 463 

Dimethylaminobenzene sodium sulfo- 
nate, 463, 639 

Dimethylamino-p-benzenc sodium sulfo- 
nate, 463, 637 

Dimethyldiaminophenazine chloride, 463 
Dimethylglyoxime reagent, 193 
Diphenylamine indicator, 577, 
Diphenylamine sulfonic acid indicator, 
577, 678, 639 
Diphenylbenzidioe, C39 
Diphenylcarbazide, 6o2 
Diphenylendoanilohydrotriazolefnitron), 
383 

Distilled water, 34 
Distribution coefficient, 595 
Dividing or cutting an ore sample, 47 
Dolomite, determination of calcium and 
magnesium in, 261 

Double weighing (weighing by transposi- 
tion), 10 

Dowson gas (producer gas), heat of com- 
bustion of, 754 
Drying, by grinding, 45 
of precipitates, 37, 200, 258, 205, 267 
Drying apparatus, 31, 39, 40, 89 
Drying ovens, 31, 39, 89 

Electric ovens, 31 

Electric resistance method for carbon in 
steel, 343 

Electrochenucal theory of oxidation- 
reduction, 52G 

Electrode potentials, 529, 531 
Electrodes, 69, 19-4, 195 
cleaning of, 62, 93, 190, 204 
Electrolytic determination, of antimony, 
92 

of arsenic, 86, 87 
of bismuth, 65 
of cadmium, 70 
of cobalt, 197 
of copper, CS. 73 
of Icjid, G2 
of mcrcurj’, 57 
of nickel, 191, 190 
of Sliver, 51 
of tin, 97 
of zinc, 291 


Electrolytic outfit, 62, 74, 194 
Electronic equations, 531, 634, 537, 509 
Elementary analysis (combustion), 354 
Emulsoids, 25 

Enamels, fluorine and silicon in, 399 
End points, determination by dead-stop 
method, 480 
pH at the, 476 
Ec^in, 652 

Equations of oxidation-reduction, 534, 
637, 569 

Equilibrium diagram of iron-carbon 
alloys, 341 

Equipment and manipulation, 26 
Equivalent weights, 447, 448, 758 
Etching samples of steel, 47 
Ether separation of Rothe, 178, 221, 242, 
549 

Ether-alcohol drying of precipitates, 200, 
258, 2C5, 267 
Ethylene, C9I, 735 
separation, from acetylene, 737 
from benzene, C90, 737 
Eutectic in iron-carbon alloys, 341 
Eutectoid (pcarlite) in steel, 342 
Evaporation of solutions, 36 
Explosion pipet, 704, 721 

Factor weights, 456, 492, 763 
Factors, chemical, 510, 763 
Ferric alum solution, for phosphorus de- 
termination, 568 
for use 03 an indicator, 648 
Feme chlondo, dissolved by ether, 178, 
221, 242, 549 
standard solution of, 640 
Ferric chloride solution for dissolving 
metallic iron, 548 
Feme compounds, 152 
Ferric iron, titration of, 610, 640, 643 
Feme salts, reduction, by hydrogen sul- 
fide, no, 542 
by metals, 543 
by stannous chloride, 545 
by sulfurous acid, 543 
Femcyanidc, gravimetric determination 
of, 30o 

volumetric determination of, 565, 022 
Fcrrocyanide, gravimetric determination 
of, 304 
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Ferrocyanide, in presence of cyanide, 655 
volumetric determination of, 565, 623 
Ferroin indicator, 639 
Ferromanganese, 213 
Ferrous and ferric iron, detennination by 
titanium method, 643 
Ferrous iron, in silicates, 420 
volumetric determination of, 420, 421, 
547 

Ferrous sulfate reagent, 559, 565, 576 
Ferrum redudum, analysis of, 547 
Filter, size of, 23 
Filter paper, 26 
methods of folding, 27, 28 
plaited or fluted, 28 
Filtering crucibles, 30, 31 
Filter-paper pulp, 151, ISO , 

Filters of asbestos, 30, 31 
Filtration and washing precipitates, 21 
Fine grinding, effect on composition, 44 
Flasks, calibration of, 442, 446 
Flocculation and peptization, 25 
Fluid measure, units of, 762 
''“■Fluorescein, 652 

Fluorine, determination, as calcium chlo- 
ride, 397 

as fluo^cic acid, 402 
as si^n fluoride, 402, 739 
in c^cium fluoride, 398 
in glasses and enamels, 399 
in mineral water, 404 
in presence of phosphoric acid, 398, 
406 

separation, from cations, 405 
from other amons, 406 
Fluosilicie acid, 407, 511 
Formaldehyde (formalin), 622 
Formic acid, 560 
Fuming acids, analysis of, 509 
Fummg sulfuric acid (oleum), 609 
Funnels, rapid and slow, 27 

Galhum, 227 

Gamma ("y) or microgram, 24 
Gas analysis, 670 
exact, 710 
technical, 717 

Gas-combustion pipet, 704, 721 
Gases, analysis by absorption and titra- 
^ ,, tion, 731 


Gases, collection and confinement of, 
671 

heats of combustion of, 754 
transference of, 678 

Gas-measuring apparatus, calibration of, 
679 

pipets, 717, 718 

Gas-volumetric methods, 328, 329, 330, 
334, 386, 737 

Gauze platinum electrodes, 194 
Gels, absorption by, 25 
Generator gas, analysis of, 710 
heat of combustion of, 754 
Germanium, 106 

Glass, determination of silicon and fluo- 
rine in, 399 

Glass filtering crucibles, 31 
Glassware, action of reagents on, 36, 148 
Glucinum, separation from uranium, 185 
Gold, 127 
in ores, 133 
in solutions, 127 
orange indicator, 466, 467 
precipitation by hydrogen peroxide, 
128 

separation, from platinum, 139 
from selenium and tellurium, 111 
from silver, 129 
Gooch crucible, 30, 31 
Gram-equivalent, 448 
Gram-molecular volumes, 086, 704, 715, 
762 

Graphite in cast iron, 339, 351 
Gravimetric analysis, 49 
Grinder for ores, 46, 413 
Grinding, effects on composition, 44 

Hafnium, precipitation by tannin, 222 
Halogens, determination by indirect 
analysis, 298 

gravimetric determination in presence 
of cyanide, 303 

separation, from cyanide and thio- 
cyanate, 304 
from fluoride, 406 
from one another, 298 
Hardness of water, 502, 503 
Heats of combustion of gases, 754 
Hdianthin, 466 

Hematite, determination of iron in, 641 
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Hydriodic acid, 297 
separation, from hydrochloric and 
hydrobromic acids, 298, 299 
from hydrocyanic acid, 303 
from thiocyanic acid, 304 
volumetric determination, 653 
Hydrobromic acid, 297 
determination in mineral water, 597 
separation, from hydrochloric acid, 
298, 300 

from hydrochloric and hydriodic 
acids, 209 

from hydrocyanic acid, 303 
from thiocyanic acid, 304 
volumetric determination, 590, 597, 
653 

Hydrocarbons, heavy, 691, 712, 719 
separation of, 696 
Hydrochloric acid, 291 
constant'boiiing, 486 
density of aqueous solutions, 747, 748 
gas, determination of, 735 
gravimetric standardization of eolu* 
tlOQ of, 483 

normal solution of, 480 
separation, from chloric and perchloric 
acids, 302 

from hydriodic acid, 298, 299 
from hydrobromic acid, 298 
from hydrocyanic acid, 303 
from hydrocyanic and thiocyanic 
acids, 655 

from liydrogen sulfide, 290 
from tMocyanic acid, 304, G55 
volumetric determination, 507, 650, 
652 

Hydrocyanic acid, 301 
determination, in bitter almond water, 
301 

in mercuric cyanide, 302 
separation, from cyanic and carbonic 
acids, 321 

from halogen hydride, 303, 654 
from liydrocbloric and thiocyanic 
acids, 301 

from thiocyanic acid, 301, 055 
volumetric determination of, 653, 
G5I 

Hydrofcrricynnic acid, 305, 505, 023 
llydrorcrrocyanic acid, 301, 504, 623 


Hydrofluoric acid, 397 
determination, as calcium fluoride, 397 
as fluosilicic acid, 397 
as silicon fluoride, 402 
in calcium fluoride, 401 
in lepidolite, 398 
in mineral water, 404 
separation, from boric acid, 406 
from hydrochloric acid, 406 
from metals, 405 
from phosphoric acid, 398, 406 
volumetric determination, 510 
Hydrofluosilicic acid, 407, 511 
determination, as calcium fluoride, 
407 

as potassium fluosiUcate, 407 
volumetric determination, 511 
Hydrogen, 705 

absorption coefBcient for water, 706 
determination, in illummating gas, 
713, 720 

ID nitrogenous organic substances, 
359 

in organic substances, 854 
in aiUcatea, 427 
heat of combustion, 754 
Hydrogen exponent (or pH), 207, 458 
Hydrogen peroxide, for standardizing 
permanganate, 738 
lodimetric titration, 009 
methods, 738 

titration, with permanganate, 561 
with titanous chloride, 643 
Hydrogen sulfide, 308 
determination, in gas mixtures, 303 
in mineral water, 309, 616 
evolution and absorption, 310 
from insoluble sulfides, 318 
gravimetric determination, 303 
separation, from alkali hydrosulfide, 
617 

from thiosulfate, 621 
titration of, G15 
Hydronlum ions, 457 
Hydrolysis of salt solutions, 475 
Hydrophobic colloids, 21 
Ilydropbylic colloids, 25 
Ilydrosulfidc, determination, in presence 
of alkali sulfide or hydrogen 
sulfide, 616, 617 
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Hydrosulfide, determination, in presence 
of thiosulfate and sulfide, G21 
Hydrosul/unc acid {see also Hydrogen 
sulfide), 308 

Hydroxylamine, 510, 564 
8-HydroxyquinoUne (oxine), 151, 259 
titration of, 261, 632 
Hypochlorite method, 634 
Hypochlorous acid, 305, 601, 644 

determination in presence of chloride 
592 

H 3 TX)phosphorous acid, 321 
separation from phosphorous acid, 323 

Igniting precipitates, 37 
lUuminants, 712, 719 
Illuminating gas, 710, 717, 736 
heat of combustion of, 754 
Indicators, absorption, 651, 652 
choice of, 474 

for acid'base titrations, 462, 463 
oxidation>reductioQ, 638 
Indirect methods, determination of alka* 
lies, 281 

determination of halide, 298 
determination of SOi content of oleum, 
509 

Inquartation, 129 
Insecticides, arsenic in, 625, 623 
International atomic weights, back cover 
lodate methods of titration, 623 
lodates, analysis of, 602 

as volumetric standards, 481, 483, 
589 

Iodic acid and iodates, determination in 
pr^ence of periodate, 368, 602 
Iodides, analysis of {see ol«o Iodine), 603, 
604, 651, 653 

lodimetry and iodometry, 683 
Iodine, determination, by gravimetric 
methods, 297 
in mmeral water, 597 
in non-electrolsries, 291, 293 
in soluble iodides, 593 
in table salt, 603, 604 
free, titration of, 592 
pure, 687 

separation, from bromine and chlorine, 
299 

from chlorine, 298 


Iodine, separation, from thiocyanic 
acid, 304 

solution, standardization of, 590 
volumetric determination of, 593, 
603, 651 

lodo-starch reaction, 583 
Ionic equations of oxidation-reduction, 
634, 637, 569 

Ionization constants of adds, 460, 474 
Iridium, alloyed with platinum, 41 
determination of, 147 
precipitation as hydrated IrOj, 145 
Iron (see also Steel), -carbon equilibrium 
diagram, 341 

colorimetric determination, 156 
determination, by cupferron, 154, 212 
in brass, 75 

in ferromanganese, 213 
in ferrous ammonium sulfate, 156 
in fenum redudum, 547, 648 
in hematite, 641 
in limonite, 581 
in manganese ores, 212 
in presence of oxide, 547 
in silicates, 262, 414, 420 
in spathic iron ore, 545 
determination of copper Jn, 77 
determination of titanium in, 181 
dissolved by potassium cupric chloride 
solution, 343 
pyrophoric, 154 

separation, from alkaline earths and 
magnesium, 167, 168 
from aluminum, 168 
from aluminum and phosphoric acid, 
171 

from chromium, 173 
from manganese, 207, 209, 213 
from manganese, nickel, cobalt, and 
zinc. 207, 209, 2II 
from metals of Group II, 72 
from nickel, 211, 220 
from phosphoric acid, 171, 380 
from titanium, 174, 214 
from uranium, 186 
from zirconium 181 
xmlumetric determination, with ceric 
sulfate, 638 

with dichromate, 575, 681 
with iodide, 610 
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Iron, volumetric determination, with per- 
manganate, 642, 643, 645, 547 
with stannous chloride, 640 
with titanous chloride, 643 
Iron ore, determination of chromium 
and vanadium in, 240 
Iron wire, apparent iron value of, 539 
standardization of permanganate with, 
639 

Jena glass filtering crucible, 31 
Jones reductor, 643, 544, 557, 568 

Lead, 58 

determination, as chromate, Cl, 76, 626 
as molybdate, 60 
as oxide, 68 
as sulfate, 56 
in Babbitt metal, 103 
in brass, 73, 76 
in bronze, 101 

in commercial lead arsenate, 626 
in ores, 665 
in red lead, 553 

electrolytic determination os dioxide, 
62,73 

separation, from arsenic, antimony and 
tin, 08, 09 

from bismuth, 78, 81 
from cadmium, 81 
from copper, 80, 81 
from mercury, 78 

from metals of Groups II, IV, and V, 
72 

from molybdenum, 115 
volumetric determination with molyb- 
date, 605 

Lead arsenate, determination of lead and 
arsenic in, 626 
Lead dioxide, 558 

Lead peroxide, analysis of, 558, 606 
Lead sulfate, separation from barium 
sulfate and silica, 59 
Length, units of, 761 
Lime, analysis of commercial, 601 
chloride of, 33S, 001, 034, 041 
Lime method for halogens in organic 
compounds, 200 

Llmonite, determination of iron content, 
5S1 

Liquids, evaporation of, 86 


liquids, transfer of, 35 
Liter, definition of, 433, 435, 761 
Litharge, testing of, 133 
Lithium, 281 

indirect determination, 285 
separation, from phosphoric acid, 380 
from sodium and potassium, 282 
solubility of the perchlorate, 273 
Logarithms, tables of, 776-779 
Lubricants for stopcocks, 43S 
Lubriseal, 438 
Lunge-Rey pipet, 509 

MdCenna ore grinder, 46, 413 
Macroscopic examination, 47 
Magnesium, 250 

determination, in dolomite, limestone, 
or Portland cement, 266 
in silicates, 415 

with 8*hydroxyquiDoline, 259, 201, 
634 

sciMiration, from alkalies, 2S8, 280 
from barium, 250, 252 
from calcium, 240, 252 
from metals of Group II, 72 
from metals of Group III, 167 
from strontium, 250 
volumetric determination, 255, 261,633 
Magnesium mixture, preparation of 
reagent, 83, 370 
Mandarin orange indicator, 466 
Manganese, 188 
colorimetric determination, 193 
determination, after removal of iron 
With cupferron, 213 
m ferromanganese, 213 
in iron and steel, 192, 550, 551, 553, 
554 

in ores, 553 

evaluation of pyrolusite, 559, 599 
separation, from alkaline earths and 
magnesium, 205 
from iron, 207, 209, 211 
from mcLoIs of Group II, 72 
from metals of Group III, 207 
from metals of Group IV, 205 
from nickel and cobalt, 217, 219 
from phosphoric acid, 3S0 
from trivaicnt metals, 207, 209, 211 
from zinc, 215 
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Nickel, determination, in brass, 73 
in steel, 220, 663 

electrolytic determination, 194, 196 
separation, from alkaline earths and 
magnesium, 205 
from cobalt, 217 
from iron, 220 

from iron, aluminum, chromium, 
titanium, and uranium, 207, 209 
from manganese, 217, 219 
from zinc, 215, 219 
volumetric determination, 660 
Nickel-chromium alloy (nichrome) for 
crucible triangles, 33 
Niter, testing oxidizing power of, 134 
Nitranilineazosalicylate of sodium, 463 
Nitrate test with carbazole, 494 
Nitric acid, 383 

density of solutions, 747, 748 
determination, as ammonia, 384 
as nitric oxide, 386 
as nitrogen peroxide, 384 
as nitron nitrate, 383 
in drinking water, 390 
normal solution of, 488 
volumetric determination of, 507, 
566 

Nitric oxide, 727 

absorption coefficient for water, 727 
combustion in presence of carbon 
monoxide, 728 

separation, from nitrous oxide, 728 
from nitrous oxide and nitrogen, 
729 

from nitrous oxide, nitrogen, and 
carbon dioxide, 729 

Nitrogen, determination, by Dumas 
method, 361, 493 
by Kjeldahl method, 493 
in organic material, 361, 493 
separation, from nitrous and nitnc 
oxides, 729 

from nitrous and nitric oxides and 
carbon dioxide, 729 
Nitron, 383 

a-Nitroso-j3-naphthol reagent for precipi- 
tating cobalt, 199 

Nitrous acid, colorimetric determination, 
306 

volumetric determination, 501 


mtrous oxide, 726 

determination, in presence of nitric 
oxide, 728 

in presence of nitric oxide and 
mtrogen, 729 

in presence of nitric oxide, mtrogen, 
and carbon dioxide, 729 
Norm or equivalent weight, 448, 487 
Normal concentrations, 765 
Normal oxidation potentials, 531 
Normal solutions, 448, 452 
of barium hydroxide, 491 
of hydrochloric acid, 486 
of nitric and sulfuric acids, 488 
of oxalic acid, 488 
of sodium hydroxide, 489 
preparation of, 452 
standardization of, 481, 484 
volume and temperature, 435 
Normality of standard solutions, 448, 765 

Oleum, aoalj’sis of, 509 
as absorbent, 692 
Orange 111 indicator, 466 
Ore grinder, 46, 413 
Organic acids, titration of, 512 
Organic matter, destruction with sulfuric 
and nitric adds, 199 
Organic substances, determination of 
carbon, 354, 359 

determination of chlorine, 293, 296 
determination of hydrogen, 354, 359 
determination of nitrogen, 361, 403 
determination of sulfur, 320 
Orsat apparatus, 722 
Orlhoclase, analysis of, 412 
Ortbopbosphoric acid, 370, 505 
titration of, 515 
Osmium, 142 

determination as metal, 144 
precipitation as Os02, 143 
removal as OsOi, 143 
Oven for drying, 89 
Oxalic acid, 364 

for standardizing permanganate, 539 
0.1 N50Iutionof,488 
titration of, 557 
Oxidation, by fine grinding, 45 
theory of, 520, 534 
Oxidation methods, 524, 534 
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Oxidation potentials, 527, 532, 634 
Oxidation-reduction indicators, 638 
Oxides, “combined,” 159 
Oxine, trivial name of S-bydroxyquino- 
line, 151, 259, 633 
Oxonium ion, 467 
Oxygen, 696 

in illuminating gas, 713, 719 
in water, 700 

presence of hydrogen in, 367 
Ozone, 606 

Palladium, 139 
-asbestos, 707 
colloidal, 708 

precipitation as hydrated dioxide, 145 
. separation from platinum, 141 
Paper filters, 26 
plaited, 28 

Parting of gold-silver buttons, 129, 132, 
139 

Partition, law of, 695 
Pearlite in steel, 342 
Pdb'got tubes, 402, 404 
Peptization and flocculation of colloids, 
26 

Percarbonates, titration of, 563 
Perchlorates, decomposition of, 392 
solubility of, 273 
Perchloric acid, 391 
in presence of chloric acid, 392 
in presence of hydrochloric acid, 392 
PerbydroJ, 96, 97, 123 
Periodic acid (and periodates), 602 
Permanence, of permanganate solutions, 
542 

of thiosulfate solutions, 586 
Permanganate methods, 634, 642 
Permanganate solutions, permanence of, 
542 

preparation of, 537 
standardization of, 638, 738 
titration in hydrochloric acid, 645 
uses of, 642 

Peroxides, 561, 562, 598, 609 
Persulfate method for manganese, 553 
Persulfuric acid (and persulfates), analy- 
sis, by permanganate, 563 
by potassium hydroride, 522 
by titanous chloride, 644 


pH (hydrogen exponent), 207 
at end point of titrations, 476 
Phase rule, 339 

Phenanthroline-ferrous ion, 639 
Phenol, titration of, 633 
Phenol red indicator, 463 
Fhenolphthalein, 463 
Phenolsulfonphthalein, 453 
Ph(^phates, titration of, 506 
PhMphor bronze, analysis of, 101 
Phosphoric acid, 370 
behavior toward methyl orange, 448, 
468 

behavior toward phenolphthalein, 448, 
471 

density of its aqueous solutions, 756 
determination, in alkali phosphate, 660 
in apatite, 381 

in c^cium phosphate, 381, 660 
in mineral water, 379 
in silicates, 379 

ionization constants of, 460, 474, 505 
separation, from alkaline earths and 
alkalies, 381 
from chromic acid, 881 
from iron and aluminum, 172, 375 
from metals of Groups I, H, and 
III, 3S0 

from molybdenum, 115 
from titanium, 214 
from vanadium, 239 
titration of, 505, 515, 659 
Phosphorous scid, 323 
determination in presence of hypophos- 
phorous acid, 323 

Phosphorus, determination, in apatite, 
381 

in bronze, 101, 102, 375 
in high-speed steels, 518 
in iron and steel, 375, 378, 516, 
567 

in organic compounds, 379 
Pipets, 434 
calibration of, 442 
for absorbing gases, 717, 718 
use of, 442, 555 
Platinum, 136 

action of ferric chloride on, 170 
determination in alloys, 138 
properties and care of, 41 
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Platinum, removal from solution after 
fusion in crucibles, 414 
separation, from gold and silver, 
139 

from other platinum metals, 146 
from palladium, 141, 14Q 
Platinum capillary for use in gas analy^, 
679 

Platinum metals, separation and deter- 
mination, 141 

Platinum sponge as filtering felt, 32 
Platinum triangles, 32, 33 
Poirrier’s orange, 466 
Policemen, 35 

Polythionates, titration of, 616 
Portland cement, analysis of, 91, 261 
Post precipitation, 26 
Potassium, 269 

delernunation, as chloroplatinate, 270, 
271 

as cobaltinitrite, 275 
as perchlorate, 272 
insilicates, 277, 410, 418 
indirect determination, 286 
separation, from Uthium and rubidium, 
282, 285 

from phosphoric acid, 381 
from sodium, 271, 272, 278, 279 
Potassium acid phtbalate, standardiza- 
tion of bases with, 481, 484 
Potassium biiodate as standard in 
iodimetry, 589 

Potassium bromate as standard in 
iodimetry, 589 

Potassium bromate method, for alkali 
sulfides, 630 
for antimony, 629 
for arsenic, 629 

for thiocyanate and hydrogen sulfide, 
630 

for tin, 631 

Potassium cupric chloride solution as 
reagent, 343 

Potassium dichromate, standard solu- 
tion, 450, 576, 588 
Potassium dichromate methods, 675 
Potassium fluotitanate as standard for 
titanium, 160 

Potassium hydroxide solutions, denrity 
of, 749 


Potassium iodate, standard in iodimetry, 
589 

Potassium percarbonate, analysis of, 
563 

Potassium perchlorate, solubility of, 273 
Potassium permanganate methods, 534 
Potassium permanganate solution, 449, 
537, 738 

Potassium persulfate, analysis of, 563 
Potassium phosphate solution, 659 
Potentials, oxidation, 531, 534 
Pound molecular volume, 762 
Precipitates, adsorption by, 22, 26, 651 
a^ng of, 26 

drying and igniting, 245, 258 
drying with alcohol and ether, 200, 
258, 265, 267 
filtration and washing, 21 
purity of, 23 
wet ignition of, 39 
Precipitation titrations, 646 
Precision, in calibrating weights, 17 
of measurements in general, 18 
Preparation of samples for analysis, 42 
Primary states of oxidation, 546 
Probable error, 19 
Producer gas, 710 
beat of combustion of, 754 
Propylene, heat of combustion, 764 
Protoxides, separation from sesquioxides, 
207 

Prussian blue, analysis of, 305 
Prussic acid, see Hydrocyanic acid 
Pulp balance, 136 
Pyridine bases, titration of, 495 
Fyrite, sulfur in, 314, 315, 316, 319 
Fyrogallol solution, C98 
Pyrolusite, analysis of, 559, 599 
Pyrophosphoric acid, 368 

Quadruplet method of foldmg filters, 28 
Quartation, 129 

Quartz crucibles and triangles, 33 
Quicklime, volumetric analysts of, 501 

Reagents and glassware, 86 
Recrystallization, 43 
Red lead (minium), 558 
Reduction, of ferric salts, 642 
of weighings to vacuum basis, 11 
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Reduction methods of volumetric analy- 
ds, 640, 641 

Reduction potentials, 630 
Reliability or probability of a result, 18 
Rhodamin 6G, 652 
Rhodium, 145, 146 
Rose crucible, 67, 143 
Rubidium, 279, 285, 286 
separation from potassium and cesium, 
286 

Ruthenium, 144 

Salts, hydrolysis of, in aqueous solution, 
475 

Samples of ore, crushing of, 47, 412 
' cutting or dividing, 47 
Sampling metals, 47 
Sampling orw, 45 
Segregation in metals, 47 
Selenioua acid, 107, 323 
Selenium, 107 

catalyst in Kjeldahl digestions, 491 
determination, in crude copper, 112 
in steel, 112 

separation, from antimony, tin, and 
arsenic, 110 

from gold and silver. 111 
from mercuiy, 111 
from metals of Groups 11, III, IV, 
and V, 109 
from tellurium. 111 

Sei^itiveness (senribility) of balance, 6, 9 
Sesquioxides of Group III, 148, 207 
separation from protoxides, 207 
SigniScant fgures in computations, 20 
Silica, separation from tungsten, 237 
testing purity of, 410 
Silica triangles, 33 
Sihcates, analysis of, 409, 412 
decomposable by acids, 409 
decomposition by ammonium fluoride, 
419 

decomposition by sodium carbonate, 
411 

determination of alkalies in, 277, 416, 
418 

determination of ferrous iron in, 420 
determination of water in, 427, 429 
undecomposable by acids, 411 
Silicic acid, determination, in clay, 422 


Silicic acid, determination, in orthoclase, 
414 

in Portland cement, 262 
Silicon, in glasses and enamels, 399 
in iron and steel, 419 
Silicon fluoride, 739 
Silver, 49 

determination, in alloys, 51 129,648 
in ores, 133 

electrolytic determination, 51 
separation, from gold, 132 
from other metals, 61 
from selenium and tellurium, 111 
titration of, 646, 647 
Silver chloride, solubility of, 50 
Soda ash, alkaline strength of, 496 
Sodium, 277 

determination in silicates, 416, 418 
indirect determination of, 281, 2S5 
separation, from lithium, 282, 285 
from phosphate, 381 
from potassium, 270, 272, 275, 278 
Sodium arsenite solution', 591 
Sodium bicarbonate, carbonate and 
hydroxide, 498 

Sodium bicarbonate for standardising 
acids, 481 

Sodium hydroxide, ^ determination in 
caustic soda solutions, 491, 492 
free from carbonate, 490 
normal solution of, 489 
Sodium hydroxide solutions, density of, 
749 

Sodium metaphosphate, titration of, 
605 

Sodium oxalate as volumetric standard, 
480, 538 

Sodium perchlorate, solubility in water, 
273 

Sodium succinate method of analysis, 211 
Sodium thiosulfate solution, 149, 585. 
690, 691 

Sodium tungstate for absorbing boric 
acid. 365 

Sol and gel conditions of colloids, 24 
Solubilities in water, molecular weights, 
and equivalent weights, 758-7G0 
Solubihty product, 215 
of sulfides, 215, 216 
Solute, 24 
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Solutions, colloidal, 24 
of sulfides, explanation of the dissolv- 
ing, 215, 216 
standardization of, 454 
true, 24 

Spark testing of steel, 343 
Spathic iron ore, analysis of, 545 
Split shovels, 47 
Spotty ores, 46 

Standardization of solutions, 454 
Stannous chloride reagent, 545, 580 
Starch solution, 585 
Starch test, sensitivity of, 585 
Statical moment of balance swing, 10 
Steam bath, 36 
Stirring rods, 29 
Steel, critical points of, 342 
determination of aluminum, 182 
determination of carbon, 344, 351, 352 
determination of chromium and va- 
nadium, 569 

determination of copper, 77 
determination of manganese, 192, 550, 
653, 554 

determination of molybdenum, 117,242 
determination of nickel, 220, COO 
determination of phosphorus, 375, 377, 
510, 607 

determination of sihcon, 419 
determination of sulfur, 312, 620 
determination of titanium, 179, 181, 
182 

determination of tungsten, 230 
determination of zirconium, aluminum, 
and titanium, 182 
spark testing of, 343 
Stibnite, antimony in, 614 
sulfur In, 317 
Streak of gold alloys, 131 
Strontium, 246 

separation, from barium, 251, 253 
from calcium, 251, 253 
from magnesium, 250, 254 
from metah of Group II, 72 
from metals of Group HI, 167, 205 
from phosphoric acid, 381 
Substitution, weighing by, 10 
Sulfide, in presence of hydrosulfide and 
H,S, 017 

in presence of sulfate, 319, 396 


Sulfide, in presence of thiosulfate, 621 
theory of solubility in acid, 215 
titration of, 617, 630 
Sulfo acids, 49, 82 
separation from one another, 118 
Sulfo bases, 49 

separation, from one another, 78 
from other elements, 72 
Sulfocyanic acid, see Thiocyanic acid 
Sulfur, determination, in insoluble sul- 
fides, 313, 315, 316, 318 
in iron and steel, 312, 313, 620 
in mineral waters, 616 
in organic substances, 320 
inpyrite, 313, 315, 316 
in sulfides soluble in acid, 310 
in sulfides soluble in water, 310 
removal from sulfide precipitates, 54, 
63,92 

volumetric determination of, 615, 056, 
657 

Sulfur dioxide, from pyrite burners, 735 
gravimetric determination of, 822 
physical properties of, 735 
titration of, 514, 621,735 
Sulfuretted hydrogen, see Hydrogen sul- 
fide; Sulfur 
Sulfuric acid, 393 
density of, 747 

determination, in presence of sulfide, 
319, 396 

in insoluble sulfates, 396 
in Portland cement, 268 
ionization of, 473, 474 
normal solutions of, 48S 
titration of, 507, 057, 658 
Sulfuric anhydride in sulfuric acid, 509 
Sulfurous acid, 322 

behavior toward methyl orange, 469 
titration of, 514, 621 
Sulfhydrate, see llydrosulfide 
Suspcnsoids, 24 

Swings, weighing by method of, 8 

Tables for general use, 435, 430, 745-779 
Tannin reagent, 221 
Tantokte, 431 

Tantalum, precipitation by tannin, 222 
separation, from ^U, Zr, Th, U, and 
Be. 223 
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Tantalum, separation, from columblutn, 
224 

from titanium, 225 
Tare, 10 

Tartar emetic, 613 
Tartaric acid, 368 
Telluric acid, 600 
Tellurium, 108 

determination in crude copper, 112 
precipitation with sulfurous acid, 
112 

separation, from antimony, tin, and 
arsenic, 110 

from copper, bismuth, and cadmium, 
109 

from gold and silver, 111 
from mercury. 111 
from metals of Group 11, 109 
from metals of Groups III, IV, and 
V, 109 

from selenium. 111 
titration of, 600 

Tellurous acid (eee also Tellurium), 109, 
823 

Temperature, estimated by color, 755 
normal in volumetric work, 435 
Temperature correction, for hydrometer 
tests, 760 
for titrations, 453 
Temporary hardness of water, 503 
Testing, of volumetric apparatus, 437, 
442, 679 

of weights, 13, 16 

Tetrabromophenol-m-cresolsulfonphthal- 
ein, 436 

Tetrabromophenolsulfonphthalein, 463 
Thallium, 52, 63 

Theory, of dissolving sulfides, 215 
of hydrogen exponents, 207 
of normal oxidation potentials, 527 
of oxidation and reduction, 626 
Thermometer scale, absolute, 762 
Thio acids, 82, 99 
Thiocyanic acid, 303, 651 
separation, from halogen hydride, 304, 
655 

from hydrocyanic acid, 304, 655 
Thiosulfate solution, standardization of, 
586 

Thiosulfuric acid, 382, 514 


Thiosulfuric acid, determination in pres- 
ence of sulfide and hydrosulfide, 
621 

Thorium, determination in monazite, 425 
precipitation by tannin, 222 
separation, from cerium, 425. 426 
from columbium, tantalum, and 
titanium, 223 
from zirconium, 181 
Thymol blue indicator, 463 
Thymolphthalein, 463 
Thjrmolsulfonphthalein, 463 
Tin, 94 

determination, in Babbitt metal, 105 
in brass, 73 , 

in bronze, 94, 101 
in tin plating baths, 641 
separation, from alkaline earths and 
magnesium, 08 
from antimony, 104, 123, 127 
from antimony and arsenic, 124-127 
from mercury, lead, bismuth, copper, 
cadmium, 98, 09 
from metals of Group HI, 08 
from phosphoric acid, 102 
from selenium and tellurium, 110 
from silicic acid, 237 
from tungsten, 236 
volumetric determination, 631, 641 
Tirril! burner, 33 
Titanium, 157 

colorimetric determination, 159, 162 
determination, in iron and steel, 
179, 181, 182 
in minerals, 157 

in titanium-iron ores, 178, 214, 
574 

precipitation, by cupferron, 177, 214 
by tannin, 222 

separation, from alkaline earths, 167 
from aluminum,' 176, 223 
from beryllium, 223 
from iron, 174, 214 
from iron, aluminum, and phospho- 
ric acid, 214 

from manganese, nickel, cobalt, and 
zinc, 207, 209 

from tantalum and columbium, 225 
from thorium, 223 
from uranium, 223 
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Titanium, separation, from zirconium, 
182, 223 ' 

volumetric determination, 574, 643 
Titanous chloride reagent, 643 
Titer of solution, 447, 455 . j 

Tolerances of weights, 17 I 

Total carbon in iron and steel, 344, 352 
Transfer of liquids, 35 ' 

Transposition weighing (double weigh- 
ing), 10 

Triangles, 33 , 

Tropaolin 00 indicator, 463 
Tungsten, 227 
bronzes, 234 

determination, in ores, 230 
in steel, 230 

precipitation by tannin, 226 
separation, from molybdenum, 232 
from silica, 237 
from tin, 236 

Tyndall effect of colloidal solutions, 24 

Units of area, capacity, length, moss, 
and volume, 761, 762 
Uranium, 166 

precipitation, by cupferron, 107 
by tannin, 222 

separation, from alkaline earths and 
magnesium, 167 
from aluminum and iron, 186 
from berylhum, 185 
from metals of Group H, 72, 95 
from mckel, cobalt, manganese, and 
zinc, 207 

from titanium, tantalum, and colum- 
bium, 223 

volumetric determination, 556 
Uranyl acetate solution as recent, 
659 

Useful data of inorganic compounds, 
758-762 

Vacuo, reduction of weighings to, 11 
Valve, Bunsen, 35, 640, 563, 565, 631 
Valve, Contat-Gockel, 540, 559 
Vanadium, 237 

determination, in ores and rocks, 240 
m steel, 242, 569 
precipitation by cupferron, 215 
separation, from arsenic, 239 


Vanadium, separation, from molybde- 
num, 240 

from phosphoric acid, 239 
volumetric determination, 667, 569 
Vinegar, total acid in, 608 
Volume, normal, 435 
units of, 761 

Volumetric or titrimetric analysis, 433 
general method of computing results, 
455 

Wash bottles, 34, 35 
Washing precipitates, 21, 258, 265, 207 
Water, densities at different tempera- 
tures, 435 

determination, m Suosilicates, 408 
in silicatea, 427 

determination of absorbed oxygen, 700 
determination of dissolved ammonia, 
493 

determination of dissolved bronune, 
697 

•determination of dissolved hydrogen 
sulfide, 616 
distilled, 34 
hardness of, 502, 503 
Ionization constant of, 457, 45S 
Water bath, 36, 271 
Water gas, heat of combustion of, 764 
Water vapor, determination in gas mix- 
tures, 741 . 
tension of, 751-753 
Wdghmg, 6 
by substitution, 10, 482 
by swings, 8 

double or transposition, 10 
reduction to a vacuum basis, 11 
Weighing pans, 482 

Wei^ng samples, of factor weights, 17 
of steel, 21 
Weight burets, 446 
units of, 761 
Weights, adjusting, 17 
calibration of, 13, 16 
precision of cahbration, 17 
tolerances of, 17 

Wet precipitates, method of igniting 
39 

Wood's metal, analysis of, 99 
Wulfenite, molybdenum in, 571 
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detfCrmination, in braas, 73 
in ores, 668 

electrolytic determination, 204 
separation, from alkaline earths and 
magnesium, 205 
{com metals of Group II, 72, 08 
from nickel, 210 
from Ni, Co, and Mn, 216 
from phosphoric acid, 380 
from trivnlent metals of Group IH, 
207, 209, 2U 


Zinc, volumetric determination with 
ferrocyanide, 667 
Zircon, analym of, 422. 

Zirconium, determination in steel, 182 
precipitation, by cupferron, 154, X77, 
214 

by tannin, 222 

separation, from Al, Ce, Cr, Fe, Th, 
and Ti, 181 

from Cb, Ta, and Ti, 223 
from Co’, Mn, Ni, and Zn, 207 




